US009493725B2

a2y United States Patent (10) Patent No.: US 9.493,725 B2

Vinson et al. 45) Date of Patent: Nov. 15, 2016
(54) DETERGENT COMPOSITIONS 6,037,317 A 3/2000 Rapisarda et al.
CONTAINING A PREDOMINANTLY C15 6,150,322 A 11/2000 Singleton et al.

0,165,961 A 12/2000 Schmud et al.
6,166,262 A 12/2000 Connor
6,222,077 Bl 4/2001 Singleton

ALKYL BRANCHED SURFACTANT

(71) Applicant: The Procter & Gamble Company, 6,573,229 B2 6/2003 Creeth et al.
Cincinnati, OH (US) 6,617,303 Bl 9/2003 Smith et al.
6,660,708 B2 12/2003 Kaess
(72) Inventors: Phillip Kyle Vinson, Fairtield, OH 6,706,931 B2 3/2004  Edwards
(US); Patrick Christopher Stenger 6,737,555 Bl 5/2004 " Maas et al.
0 P s¢th, 6,765,106 B2 7/2004 Fenouil et al.
Fairfield, OH (US); Randall Thomas 6,891,056 B2  5/2005 Edwards et al.
Reilman, Cincinnati, OH (US); Jeffrey 7,037,883 B2 5/2006 Hsu et al.
John Scheibel, Glendale, OH (US); 7,071,364 B2 7/2006 Edwards et al.
Praveen Kumar Depa, Hyde Park, OH 7,148,375 B2 12/2006 Edwards et al.
. . : 7,175,799 B2 2/2007 Hod et al.
(US); Stephanie Ann Urbin, Liberty 7.183.446 B2 2/2007 Zeller et al.
Township, OH (US); Melinda Phyllis 7256317 B2 82007 Maas et al.
Steffey, Liberty Township, OH (US); 7,365,234 B2 4/2008 Subramaniam et al.
Clemens S(_:hrijder:J Kayhude (DE) 7,781,390 B2 8/2010 Slﬂgl@tOﬂ et al.

7,871,973 Bl 1/2011 Singleton et al.
7,888,307 B2 2/2011 Singleton et al.

(73) Assignee: The Procter & Gamble Company, 2 173 %67 B 2/2012 Tropsch

Cincinnati, OH (US) 8.173.847 B2  5/2012 Fischbach et al.
2001/0009927 Al 7/2001 Weerasooriya et al.
(*) Notice: Subject to any disclaimer, the term of this 2002/0010124 Al 1/2002 Creeth et al.
patent is extended or adjusted under 35 %%%% g(ﬁ?ggi i g‘j %88% Eoiift et al.
1 Or
U.S.C. 154(b) by 0 days. 2008/0200565 Al* 82008 Harwell ..oooooooii... CO9K 8/524
514/785
(21) Appl. No.: 14/847,026 2009/0005449 Al 1/2009 Gunn et al.
2009/0023625 Al 1/2009 Tang et al.
(22) Filed: Sep. 8, 2015 2009/0192067 A1 7/2009 Dery et al.
2010/0303739 A1 12/2010 Spoerer et al.
. . . 2010/0323946 Al 12/2010 Connors et al.
(65) rrior Publication Data 2016/0068785 Al 3/2016 Vinson et al.

US 2016/0068784 Al Mar. 10, 2016
FOREIGN PATENT DOCUMENTS

Related U.S. Application Data EP 0364 012 A1l 4/1990
60) Provisional lication No. 62/047,253, filed on S - )P e B T
(60) 81'0218?40113 application No. ,255, filed on Sep. (Continued)
(51) Int. CL OTHER PUBLICATIONS
CliD I/12 (2006.01) ] | | o
C11D 1/29 (2006.01) PCT International Search Report for International Application No.
CI11D 3/386 (2006.01) PCT/US2015/048827, dated Mar. 14, 2016, containing 27 pages.
C11D 1/14 (2006.01) PCT International Search Report for International Application No.
C11D 1/37 (2006.01) PCT/US2015/048827, dated Jan. 5, 2016 containing 12 pages.
o PCT International Search Report for International Application No.
(52) U.S. Cl b PP
S _ PCT/US2015/048818, dated Dec. 22, 2015, containing 12 pages.
CPC ... C1ID 1/143 (2013.01); C11D 1/146 LIAL® | ALCHEM® | ISALCHEM®, C9-C 17 alcohols Nov. 2013

(2013.01); C11D 1/37 (2013.01); C11D 3/386 GB, pp. 1-14; www.sasol.com.

(2013.01); C1ID 3/38627 (2013.01); CIID 4501 Olefins & Surfactants, ISOFOL® C12-C32: Defined
3/38636 (2013.01)

Branched Guerbet Alcohols, pp. 1-12; www.sasol.com.

(58) Field of Classification Search Sasol Olefins & Surfactants, ISOFOL® C12-C32; Defined
CPC ........... C11D 1/12; C11D 1/29; C11D 3/182; Branched Guerbet Alcohols, pp. 1-16; www.sasol.com.
C11D 3/2017; C11D 3/202; C11D 3/386; (Continued)

C11D 7/242; C11D 11/0017

See application file for complete search history. ‘ ‘
Primary Examiner — Charles Boyer

(56) References Cited (74) Attorney, Agent, or Firm — Melissa Krasovec;

Leonard W. Lewis; Steven W. Miller
U.S. PATENT DOCUMENTS

. (57) ABSTRACT

3,480,556 A 11/1969 DeWitt et al.
3,786,003 A 1/1974 Hunter et al. The present invention relates generally to detergent compo-
5,780,694 A 7/1998  Singleton sitions and, more specifically, to detergent compositions
5849060 A 12/1998 Singleton et al. > Al P y: 2 P
5010987 A 7/1999 Kneuper et al. containing a branched surfactant.
5,968,888 A 10/1999 Blandiaux

H1818 H 11/1999 Potgieter et al. 12 Claims, No Drawings



US 9,493,725 B2
Page 2

(56)

EP
EP
EP
EP

EP
EP
EP
EP
EP
GB
GB

WO
WO
WO
WO

References Cited

FOREIGN PATENT DOCUM
0684 300 A2 11/1995
0 763 525 B] 3/1997
0 846 094 B 6/1998
0900 181 B 3/1999
0 958 267 B 11/1999
0 342 917 Bl 3/2000
1 272 605 Bl 8/2003
1 664 254 B] 6/2006
2 297 287 B 3/2011
1257679 12/1971
22065379 A 9/1993
08-188793 A 1/1995
08-188794 A 1/1995
2001187895 A 7/2001
WO 88/07030 9/1988
WO 93/02660 2/1993
WO 97/38956 10/1997
WO 01/79408 Al  10/2001

ENTTS

WO WO 2005/026302 Al 3/2005
WO WO 2011/028180 3/2011
WO WO 2016/040248 A3 3/2016

OTHER PUBLICATTONS
T.P. Matson, The Workhorse Surfactants: Sulfates, and Ether Sul-
fates LAS, Alcohol; J. Am. Oil Chemusts’ Soc., Jan. 1978, pp. 66-69,
vol. 55.
C,F, Putnik and S.E. McGuire, The Effect of Reaction By-products
on the Viscosities of Sodium Lauryl Sulfate Solutions; Journal of
IHE American Oi1l Chemisis’ Society, vol. 55 No. 12, pp. 909-913
(1978).
Suardi, Marco Alessandro, Mainly branched fatty alcohols from
conventional and modified oxo-synthesis with a methyl group along
the main chain, their mixtures, derivatives and use.,
[PCOMO000192536D; IP.com Flectronic Publication: Jan. 22, 2010;
http://www.1p.com/pubview/IPCOMO000192536D.
A. S. Davidsohn and B. Mil Widsky, Synthetic Detergents, May
1987, pp. 14-17, vol. 7, Longman Higher Education; ISBN-10
058246238X.

* cited by examiner



US 9,493,725 B2

1

DETERGENT COMPOSITIONS
CONTAINING A PREDOMINANTLY (C15
ALKYL BRANCHED SURFACTANT

TECHNICAL FIELD

The present invention relates generally to detergent com-
positions and, more specifically, to detergent compositions
containing a branched surfactant.

BACKGROUND

Due to the increasing popularity of easy-care fabrics made
of synthetic fibers as well as the ever increasing energy costs
and growing ecological concerns of detergent users, the once
popular warm and hot water washes have now taken a back
seat to washing fabrics in cold water (30° C. and below).
Many commercially available laundry detergents are even
advertised as being suitable for washing fabrics at 153° C. or
even 9° C. To achieve satisfactory washing results at such
low temperatures, results comparable to those obtained with
hot water washes, the demands on low-temperature deter-
gents are especially high.

Branched surfactants are known to be particularly etlec-
tive under cold water washing conditions. For example,
surfactants having branching towards the center of the
carbon chain of the hydrophobe, known as mid-chain
branched surfactants, are known for cold-water cleaning
benefits. 2-alkyl branched or “beta branched” primary alkyl
sulfates (also referred to as 2-alkyl primary alcohol sulfates)
are also known. 2-alkyl branched primary alkyl sulfates
have 100% branching at the C2 position (C1 1s the carbon
atom covalently attached to the sulfate moiety). 2-alkyl
branched alkyl sulfates are generally derived from 2-alkyl
branched alcohols (as hydrophobes). 2-alkyl branched alco-
hols, e.g., 2-alkyl-1-alkanols or 2-alkyl primary alcohols,
which are derived from the oxo process, are commercially
available from Sasol, as ISALCHEM®. 2-alkyl branched
alcohols (and the 2-alkyl branched alkyl sulfates derived
from them) are positional 1somers, where the location of the
hydroxymethyl group (consisting of a methylene bridge
(—CH,— unit) connected to a hydroxy (—OH) group) on
the carbon chain varies. Thus, a 2-alkyl branched alcohol 1s
generally composed of a mixture of positional 1somers. Also,
commercially available 2-alkyl branched alcohols include
some fraction of linear alcohols. For example, Sasol’s
ISALCHEM® alcohols are prepared from Sasol’s oxo-
alcohols (LIAL® Alcohols) by a fractionation process that
yields greater than or equal to 90% 2-alkyl branched mate-
rial, with the remainder being linecar matenal. 2-alkyl
branched alcohols are also available 1n various chain
lengths. 2-alkyl primary alcohol sulfates having alkyl chain

length distributions from twelve to twenty carbons are
known. ISALCHEM® alcohols 1n the range of C9-C17

(single cuts and blends), including ISALCHEM® 145 (C, -
C,s-alcohols) and ISALCHEM® 167 (C, .-C,,-alcohols),
are commercially available.

Laundry detergents containing a commercial C14/C15
branched primary alkyl sulfate, namely LIAL® 145 sulfate,
which contains 61% branching and 30% C4 or greater
branching (branch contains at least four carbon atoms), are
known. Detergents contaiming a mixture of a straight chain
primary alkyl sulfate and a beta-branched chain primary
alcohol sulfate, where the total number of carbon atoms
ranges from 12 to 20, e.g., a branched chain C16 primary
alcohol sulfate having 67% 2-methyl and 33% 2-ethyl

branching, are known.
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There 1s a continuing need for a branched surfactant that
can 1mprove cleaning performance at low wash tempera-
tures, e.g., at 30° C. or even lower, at a reasonable cost and
without interfering with the production and the quality of the
laundry detergents in any way. Surprisingly, it has been
found that the detergent compositions of the invention,
which contain 2-alkyl primary alcohol sulfates having spe-
cific alkyl chain length distributions and/or specific fractions
of certain positional i1somers, provide increased grease
removal (particularly in cold water).

SUMMARY

The present invention attempts to solve one more of the
needs by providing a detergent composition comprising
from about 0.1% to about 99% by weight of the composition
of a first surfactant, where the first surfactant consists
essentially of a mixture of surfactant isomers of Formula I
and surfactants of Formula II:

(1)
CH,—X

CHz——(CHy),—CH—(CH;),—CH;

0<m,n<16;
8<m+n<l16

(1I)
CHz— (CHy)pprnz— X

where from about 50% to about 100% by weight of the first
surfactant are surfactants having m+n=11; where from about
0.001% to about 23% by weight of the first surfactant are
surfactants of Formula II; and where X 1s a hydrophilic
moiety.

The detergent compositions may further comprise one or
more adjunct cleaning additives.

The present invention further relates to methods of pre-
treating or treating a soiled fabric comprising contacting the
solled fabric with the detergent compositions of the mven-
tion.

DETAILED DESCRIPTION

Features and benefits of the present invention will become
apparent from the following description, which includes
examples intended to give a broad representation of the
invention. Various modifications will be apparent to those
skilled 1n the art from this description and from practice of
the invention. The scope 1s not itended to be limited to the
particular forms disclosed and the invention covers all
modifications, equivalents, and alternatives falling within
the spirit and scope of the invention as defined by the claims.

As used herein, the articles including “the,” “a” and *“‘an”
when used 1n a claim or in the specification, are understood
to mean one or more of what 1s claimed or described.

As used herein, the terms ‘“include,” “includes” and
“including”™ are meant to be non-limiting.

As used herein, the term “gallon” refers to a “US gallon.”

The term “substantially free of” or “substantially free
from” as used herein refers to either the complete absence of
an mgredient or a minimal amount thereol merely as impu-
rity or unintended byproduct of another ingredient. A com-
position that 1s “substantially free” of/from a component
means that the composition comprises less than about 0.5%,
0.25%, 0.1%, 0.05%, or 0.01%, or even 0%, by weight of the

composition, of the component.
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As used herein, the term “‘soiled material” 1s used non-
specifically and may refer to any type of flexible material
consisting of a network of natural or artificial fibers, includ-
ing natural, artificial, and synthetic fibers, such as, but not
limited to, cotton, linen, wool, polyester, nylon, silk, acrylic,
and the like, as well as various blends and combinations.
Soiled material may further refer to any type of hard surface,
including natural, artificial, or synthetic surfaces, such as,
but not limited to, tile, granite, grout, glass, composite,
vinyl, hardwood, metal, cooking surfaces, plastic, and the
like, as well as blends and combinations.

As used to describe and/or recite the organomodified
silicone element of the antifoams and consumer products
comprising same herein, a 2-phenylpropylmethyl moiety 1s
synonymous with: (methyl)(2-phenylpropyl); (2-Phenylpro-
pyl)methyl; methyl(2-phenylpropyl); methyl(B-methylphen-
cthyl);  2-phenylpropylmethyl; 2-phenylpropylMethyl;
methyl 2-phenylpropyl; and Me 2-phenylpropyl. Thus, orga-
nomodified silicones can, by way of example, use such
nomenclature as follows:

(methyl)(2-phenylpropyl)siloxane

(methyl)(2-phenylpropylsiloxane

(2-Phenylpropyl )methylsiloxane

(2-Phenylpropyl)methyl siloxane

methyl(2-phenylpropyl)siloxane

methyl(2-phenylpropyl) siloxane

methyl( 3-methylphenethyl)siloxane

methyl( 3-methylphenethyl) siloxane

2-phenylpropylmethylsiloxane

2-phenylpropylmethylsiloxane
2-phenylpropylMethylsiloxane
2-phenylpropylMethylsiloxane

methyl 2-phenylpropylsiloxane

methyl 2-phenylpropyl siloxane

Me 2-phenylpropylsiloxane
Me 2-phenylpropyl siloxane.
It should be understood that every maximum numerical
limitation given throughout this specification includes every
lower numerical limitation, as i1f such lower numerical
limitations were expressly written herein. Every minimum
numerical limitation given throughout this specification will
include every higher numerical limitation, as 1f such higher
numerical limitations were expressly written herein. Every
numerical range given throughout this specification will
include every narrower numerical range that falls within
such broader numerical range, as 11 such narrower numerical
ranges were all expressly written herein.

All cited patents and other documents are, 1n relevant part,
incorporated by reference as if fully restated herein. The
citation of any patent or other document 1s not an admission
that the cited patent or other document 1s prior art with
respect to the present mvention.

In this description, all concentrations and ratios are on a
weight basis of the detergent composition unless otherwise
specified.

Detergent Composition

As used herein the phrase “detergent composition™ or
“cleaning composition™ includes compositions and formu-
lations designed for cleaning soiled material. Such compo-
sitions include but are not limited to, laundry cleaning
compositions and detergents, fabric softening compositions,
fabric enhancing compositions, fabric freshening composi-
tions, laundry prewash, laundry pretreat, laundry additives,
spray products, dry cleaning agent or composition, laundry
rinse additive, wash additive, post-rinse fabric treatment,
ironing aid, dish washing compositions, hard surface clean-
ing compositions, unit dose formulation, delayed delivery
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formulation, detergent contained on or 1n a porous substrate
or nonwoven sheet, and other suitable forms that may be
apparent to one skilled in the art in view of the teachings
herein. Such compositions may be used as a pre-laundering
treatment, a post-laundering treatment, or may be added
during the rinse or wash cycle of the laundering operation.
The detergent compositions may have a form selected from
liguid, powder, single-phase or multi-phase umt dose,

pouch, tablet, gel, paste, bar, or flake.
Surfactant

The detergent compositions of the invention may com-
prise one or more surfactants.

In particular, the detergent compositions of the imvention
contain 2-alkyl primary alcohol sulfates having specific
alkyl chain length distributions, which provide increased
grease removal (particularly in cold water). 2-alkyl branched
alcohols (and the 2-alkyl branched alkyl sulfates and other
surfactants derived from them) are positional 1somers, where
the location of the hydroxymethyl group (consisting of a
methylene bridge (—CH,— unit) connected to a hydroxy
(—OH) group) on the carbon chain varies. Thus, a 2-alkyl
branched alcohol 1s generally composed of a mixture of
positional 1somers. Furthermore, 1t 1s well known that fatty
alcohols, such as 2-alkyl branched alcohols, and surfactants
are characterized by chain length distributions. In other
words, fatty alcohols and surfactants are generally made up
of a blend of molecules having different alkyl chain lengths
(though it 1s possible to obtain single chain-length cuts).
Notably, the 2-alkyl primary alcohols described herein,
which may have specific alkyl chain length distributions
and/or specific fractions of certain positional 1somers, can-
not be obtained by simply blending commercially available
materials, such as the wvarious ISALCHEM® alcohols,
including ISALCHEM® 145 (C, ,-C, s-alcohols) and ISAL-
CHEM® 167 (C, .-C,,-alcohols). Specifically, the distribu-
tion of from about 50% to about 100% by weight surfactants
having m+n=11 1s not achievable by blending commercially
available materials.

The detergent compositions described herein comprise
from about 0.1% to about 99% by weight of the composition
of a first surfactant, where the first surfactant consists
essentially of a mixture of surfactant 1somers of Formula I
and surfactants of Formula II:

(1)
CH,—X

CH;—(CH,),,—CH—(CH,),,—CHj;

0<m,n=<16;
8<m-+n<16

(1I)
CHz—(CHy)ppppz—X

where from about 50% to about 100% by weight of the first
surfactant are surfactants having m+n=11; where from about
0.001% to about 25% by weight of the first surfactant are
surfactants of Formula II; and where X 1s a hydrophilic
moiety. The total concentration of surfactant i1somers of
Formula I and surfactants of Formula II 1s 100%, by weight
of the first surfactant, not including impurities, such as linear
and branched paratlins, linear and branched olefins, cyclic
parailins, disulfates resulting from the sulfation of any diols
present, and olefin sulfonates, which may be present at low
levels.

From about 55% to about 75% by weight of the first
surfactant may be surfactants having m+n=11. From about
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0% to about 5%, or about 0.01% to about 5%, or about 0.5%
to about 3% by weight of the first surfactant may be
surfactants having m+n=9. From about 0.5% to about 30%
or about 1% to about 28% by weight of the first surfactant

6

-continued

(1I)
CHz— (CHy)pppiz—X

may be surfactants having m+n=10. From about 1% to about 5 1 .. f:om about 50% to about 100% by weight of the first

45%, or about 5% to about 45%, or about 10% to about 45%,
or about 15% to about 45%, or about 15% to about 42% by
weight of the first surfactant may be surfactants having
m+n=12. From about 0.1% to about 20%, or about 0.1% to
about 10%, or about 0.2% to about 5%, or about 0.2% to
about 3% by weight of the first surfactant may be surfactants
having m+n=13. The first surfactant may comprise from
about 0.001% to about 20%, or from about 0.001% to about
15%, typically from about 0.001% to about 12%, by weight
of surfactants of Formula II. The first surfactant may com-
prise from about 0% to about 25%, or about 0.1% to about
20%, or about 1% to about 15%, or about 3% to about 12%,
or about 5% to about 10%, by weight of surfactants of
Formula II.

At least about 25% by weight of the first surfactant may
be surfactants having m+n=10, m+n=11, m+n=12, and
m+n=13, where n1s 0, 1, or 2, orm 1s 0, 1, or 2. At least
about 30%, or at least about 33%, or at least about 40%, by
weight of the first surfactant, may be surfactants having
m+n=10, m+n=11, m+n=12, and m+n=13, where n 1s O, 1,
or 2, ormis 0, 1, or 2. As much as about 100%, or as much
as about 90%, or as much as about 75%, or as much as about
60%, by weight of the first surfactant, may be surfactants
having m+n=10, m+n=11, m+n=12, and m+n=13, where n 1s
0,1,or2, ormis O, 1, or 2.

The detergent compositions may comprise from about
0.1% to about 99% by weight of the composition of a {first
surfactant, where the first surfactant consists essentially of a
mixture of surfactant 1somers of Formula I and surfactants of
Formula II:

(1)
CH,—X

CH3;—(CHy),— CH—(CH;),—CH;

0<m,n<16;
8<m+n<16

(1D
CHz— (CHp)puiz— X

where from about 50% to about 100% by weight of the first
surfactant are surfactants having m+n=11; where from about
0.001% to about 23% by weight of the first surfactant are
surfactants of Formula II; where at least about 25%, or at
least about 30%, or at least about 35%, or at least about 40%
by weight of the first surfactant are surfactants having
m+n=10, m+n=11, m+n=12, and m+n=13, where n 1s O, 1,
or 2, orm1s 0, 1, or 2; and where X 1s a hydrophilic moiety.

The detergent compositions may comprise from about
0.1% to about 99% by weight of the composition of a first
surfactant, where the first surfactant consists of a mixture of

surfactant isomers of Formula I and surfactants of Formula
I11:

(1)
CH,—X

CH;—(CH,),,—CH—(CH,),—CHj;

0<m,n<16;
S<m+n<16
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surfactant are surfactants having m+n=11; where from about
0.001% to about 23% by weight of the first surfactant are
surfactants of Formula II; and where X 1s a hydrophilic
moiety.

The detergent compositions may comprise from about
0.1% to about 99% by weight of the composition of a first
surfactant, where the first surfactant consists essentially of a
mixture of surfactant isomers of Formula I and surfactants of
Formula II:

(1)
CH,—X

CH;—(CH),),,—CH—(CH,),—CHj

0<m,n<16;
8<m-+n<l16

(1I)
CHy—(CHy)pprypz—X

where from about 50% to about 100% or about 55% to about
75% by weight of the first surfactant are surfactants having
m+n=11; where from about 0.5% to about 30% by weight of
the first surfactant are surfactants having m+n=10; where
from about 1% to about 45%, or about 5% to about 45%, or
about 10% to about 45%, or about 15% to about 45%, or
about 15% to about 42% by weight of the first surfactant are
surfactants having m+n=12; where from about 0.1% to
about 20% by weight of the first surfactant are surfactants
having m+n=13; where from about 0.001% to about 20% by
weilght of the first surfactant are surfactants of Formula II;
and where X 1s a hydrophilic moiety.

In Formula I and Formula II, X may be selected from the
group consisting of sulfates, sulfonates, amine oxides, poly-
oxyalkylene, polyhydroxy moieties, phosphate esters, glyc-
erol sulfonates, polygluconates, polyphosphate esters, phos-
phonates, sulfosuccinates, sulfosuccaminates,
polyalkoxylated carboxylates, glucamides, taurinates, sarco-
sinates, glycinates, 1sethionates, dialkanolamides, monoal-
kanolamides, monoalkanolamide sulfates, diglycolamides,
diglycolamide sulfates, glycerol esters, glycerol ester sul-
tates, glycerol ethers, glycerol ether sulfates, polyglycerol
cthers, polyglycerol ether sulfates, sorbitan esters, poly-
alkoxylated sorbitan esters, ammonioalkanesulfonates, ami-
dopropyl betaines, alkylated quats, alkyated/polyhydroxy-
alkylated quats, alkylated quats, alkylated/polyhydroxylated
oxypropyl quats, imidazolines, 2-yl-succinates, sulfonated
alkyl esters, sulfonated fatty acids, and mixtures thereof. X
may be selected from the group consisting of sulfates,
sulfonates, polyoxyalkylene, polyhydroxy moieties, amine
oxide, glycerol ethers, glycerol ether sulfates, polyglycerol
cthers, polyglycerol ether sulfates, and mixtures thereof. X
may be a sulfate.

When X 1s an anionic head group, the resulting anionic
surfactant may exist 1n an acid form, and the acid form may
be neutralized to form a surfactant salt. Typical agents for
neutralization include metal counterion bases, such as
hydroxides, e.g., NaOH, KOH, Ca(OH),, Mg(OH),, or
L10OH. Further suitable agents for neutralizing anionic sur-
factants 1n their acid forms include ammonia, amines, or
alkanolamines. Non-limiting examples of alkanolamines
include monoethanolamine, diethanolamine, trietha-
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nolamine, and other linear or branched alkanolamines
known 1n the art; suitable alkanolamines include 2-amino-
1-propanol, 1-aminopropanol, monoisopropanolamine, or
1 -amino-3-propanol. Amine neutralization may be done to a
tull or partial extent, e.g., part of the anionic surfactant mix
may be neutralized with sodium or potasstum and part of the
anionic surfactant mix may be neutralized with amines or
alkanolamines.

The detergent compositions may comprise from about
0.1% to about 70% by weight of the composition of a first
surfactant, where the first surfactant consists of or consists
essentially of a mixture of surfactant isomers of Formula I
and surfactants of Formula II. The detergent compositions
may comprise from about 0.1% to about 55% by weight of
the composition of a first surfactant, where the first surfac-
tant consists of or consists essentially of a mixture of
surfactant 1somers of Formula I and surfactants of Formula
I1. The detergent compositions may comprise from about 1%
to about 40%, or about 1% to about 25%, or about 5% to
about 25%, or about 10% to about 25% by weight of the
composition of a first surfactant, where the first surfactant
consists of or consists essentially of a mixture of surfactant
1somers of Formula I and surfactants of Formula II.

From about 0.1% to about 100% of the carbon content of
the first surfactant may be derived from renewable sources.
As used herein, a renewable sources 1s a feedstock that

contains renewable carbon content, which may be assessed
through ASTM D6866, which allows the determination of
the renewable carbon content of materials using radiocarbon
analysis by accelerator mass spectrometry, liquid scintilla-
tion counting, and isotope mass spectrometry.

The detergent compositions may comprise an additional
surfactant (e.g., a second surfactant, a third surfactant)
selected from the group consisting of anionic surfactants,
nonionic surfactants, cationic surfactants, zwitterionic sur-
tactants, amphoteric surfactants, ampholytic surfactants, and
mixtures thereof. The additional surfactant may be a deter-
sive surfactant, which those of ordinary skill in the art waill
understand to encompass any surfactant or mixture of sur-
factants that provide cleaning, stain removing, or laundering
benefit to soiled matenal.

Alcohol

The invention also relates to an alcohol composition
containing from about 0.1% to about 99% by weight of the
alcohol composition of a first alcohol, where the first alcohol
consists of or consists essentially of a mixture of alcohol
isomers of Formula III and alcohols of Formula IV:

(I11)
CH,—OH

CH;—(CHy)p,,— CH—(CH),—CHj3

O=sm,n=16;
S<m-+n=16

(1V)
CH3——(CHy)m+n+3—OH

where from about 50% to about 100% by weight of the first
alcohol are alcohols having m+n=11; and where from about
0.001% to about 25% by weight of the first alcohol are
alcohols of Formula IV. The total concentration of alcohol
1somers of Formula III and alcohols of Formula IV 1s 100%,
by weight of the first alcohol, not including impurities, such
as linear and branched parathins, linear and branched olefins,
and cyclic paraflins, which may be present at low levels.
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From about 55% to about 75% by weight of the first
alcohol may be alcohols having m+n=11. From about 0.5%
to about 30% by weight of the first alcohol may be alcohols
having m+n=10; from about 1% to about 45%, or about 5%
to about 45%, or about 10% to about 45%, or about 15% to

about 45%, or about 15% to about 42%, by weight of the first
alcohol may be alcohols having m+n=12; and/or from about
0.1% to about 20% by weight of the first alcohol may be

alcohols having m+n=13. The first alcohol may comprise
from about 0.001% to about 20%, or from about 0.001% to
about 15%, or from about 0.001% to about 12% by weight
ol alcohols of Formula II. The first alcohol may comprise
from about 0% to about 25%, or about 0.1% to about 20%,
or about 1% to about 15%, or about 3% to about 12%, or
about 3% to about 10%, by weight of alcohols of Formula
II.

At least about 25% by weight of the first alcohol may be
alcohols having m+n=10, m+n=11, m+n=12, and m+n=13,
whereni1s 0, 1,or 2, orm s O, 1, or 2. At least about 30%,
or at least about 35%, or at least about 40%, by weight of the
first alcohol, may be alcohols having m+n=10, m+n=11,
m+n=12, and m+n=13, whereni1s 0, 1,or 2, ormi1s 0, 1, or
2.

The alcohol composition may contain from about 0.1% to
about 99% by weight of the alcohol composition of a first
alcohol, where the first alcohol consists of or consists
essentially of a mixture of alcohol 1somers of Formula III
and alcohols of Formula IV:

(I11)
CH,—OH

CHz——(CHy),— CH—(CH;),—CH;

0<m,n<16;
8<m-+n<16

(IV)
CH3——(CHy)pipi3—OH

where from about 50% to about 100%, or about 55% to
about 75%, by weight of the first alcohol are alcohols having
m+n=11; where from about 0.5% to about 30% by weight of
the first alcohol are alcohols having m+n=10; where from
about 1% to about 45%, or about 5% to about 45%, or about
10% to about 45%, or about 15% to about 45%, or about
15% to about 42% by weight of the first alcohol are alcohols
having m+n=12; where from about 0.1% to about 20% by

weight of the first alcohol are alcohols having m+n=13; and
where from about 0.001% to about 20% by weight of the

first alcohol are alcohols of Formula I1.

The detergent compositions may contain from about
0.01% to about 3% by weight of the detergent composition
of the alcohol compositions described above. The detergent
compositions may contain from about 0.5% to about 3.0%
by weight of the detergent composition of the alcohol
compositions described above. At such concentrations, the
alcohol compositions may provide a suds suppressing ben-
efit to the detergent composition.

The detergent compositions described herein may contain
from about 0.01% to about 0.5%, by weight of the detergent
composition, of the alcohol compositions described above.
At such concentrations, the alcohol compositions may be
impurities.

Process

The alcohols suitable for use 1n the present invention may
be derived from lab, pilot, and commercial plant scale
processes. In the pilot and commercial scale processes, the
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alcohols may be derived from processes that involve the
hydroformylation of high purnity, linear, double-bond
1somerized, iternal n-olefins to aldehydes and/or alcohols,
where the linear, 1somerized, internal n-olefins are derived
from paratlins coming from kerosene/gas oil, coal, natural 5
gas, and hydrotreated fats and oils of natural ongin, e.g.,
amimal, algal and plant o1ls, alcohols, methyl esters, and the
like.

Extraction and purification processes are typically utilized
to obtain parailins in suitable form for dehydrogenation to 10
olefins on a commercial plant scale. Depending on the
feedstock, pretreatment fractionation may be needed as a
first step 1n feedstock preparation, tailoring the feedstock to
the desired carbon number range of the resultant n-Olefin
product. Contaminant removal (sulfur, nitrogen, and oxy- 15
genates) may be accomplished, for example, by the UOP
Distillate Unionfining™ process, providing a high quality
feedstock. The next step 1s n-parailin recovery, which may
require separation ol normal parathns from branched and
cyclic components. The UOP Molex™ process 1s an 20
example of a liquid-state process using UOP Sorbex tech-
nology for this purpose.

The next step 1s the conversion of n-parailin to n-olefins.
The UOP Pacol™ process 1s one example of a suitable
process for achieving this conversion. During the process, 25
normal parathns are dehydrogenated to their corresponding,
mono-olefins using UOP’s highly active and selective DeH
series of catalysts. The dehydrogenation 1s achieved under
mild operating conditions. Other dehydrogenation processes
can also be used for this purpose. Following dehydrogena- 30
tion of the parathns to olefins, 1t may be necessary to remove
di- and poly-olefins. The UOP DeFine™ process 1s one
example of a commercial process for this purpose. The
DeFine™ process improves overall olefin yields by selec-
tively hydrogenating di-olefins produced in the Pacol™ 35
process 1nto their corresponding mono-olefins. Further puri-
fication to separate the 1somerized n-olefins from n-parathins
may be desirable prior to hydroformylation 1 order to
maximize the product output in the hydroformylation step.
N-olefin purification may be achieved, for example, via the 40
UOP Olex™ process, which 1s a liquid-state separation of
normal olefins from normal paratlins using UOP Sorbex™
technology. The olefins resulting from this process are
essentially an equilibrium (thermodynamic) mixture of the
1somerized n-olefins. 45

The 1somerized linear olefins may be derived from any
olefin source, such as olefins from ethylene oligomerization.

If the olefin source 1s principally alpha-olefin, one {first
applies an 1somerisation to obtain the equilibrium mixture of
internal linear olefins. 50

The hydroformylation reaction (or oxo synthesis) i1s a
reaction where aldehydes and/or alcohols are formed from
olefins, carbon monoxide, and hydrogen. The reaction typi-
cally proceeds with the use of a homogenous catalyst.

For the hydroformylation of 1somerized (double-bond) 55
n-olefins to a desired high content of branched (positional
1somers ol 2-hydroxymethylene group along hydrocarbon
backbone) aldehydes or mixture of aldehydes and alcohols,
suitable catalysts are “unmodified” (no other metal ligating
ligands other than CO/H), cobalt and rhodium catalysts, 60
such as HCo(CO),, HRh(CO),, Rh,(CO),, [See e.g.,
Applied Homogeneous Catalysis with Organometallic Com-
pounds, Edited by Boy Cornils and Wolfgang A. Herrmann,

V C H, 1996 (Volume 1, Chapter 2.1.1, pp 29-104, Hydro-
formylation) and also Rhodium Catalysed Hydroformy- 65
lation—Catalysis by Metal Complexes Volume 22, Edited
by Piet W. B. N. van Leeuwen and Carmen Claver, Kluwer
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Academic Publishers, 2000]. Under industnally relevant
conditions for application to 1somerized (double bond)
n-olefins, the unmodified Co catalyst may generally be used
at temperatures from 80-180° C., or from 100-160° C., or
from 110-150° C., and syngas (CO/H, ) pressures of 150-400
bar, or from 150-350 bar, or from 200-300 bar. Unmodified

Rh catalysts may generally be used at temperatures from
80-180° C., or from 90-160° C., or from 100-150° C. and

syngas (CO/H,) pressures of 150-500 bar, or from 180 to
400 bar, or from 200 to 300 bar. In both cases the tempera-
ture and pressure ranges can be modified to tailor reaction
conditions to produce the desired 1someric product specifi-
cation.

Phosphite modified Rh catalysts, particularly bulky
monophosphites [See, e.g. Rhodium Catalysed Hydro-
formylation—Catalysis by Metal Complexes Volume 22,
Edited by Piet W. B. N. van Leeuwen and Carmen Claver,
Kluwer Academic Publishers, 2000 (Chapter 3, pp 35-62,
Rhodium Phosphite Catalysts)], which would also give the
desired high content of 2-alkyl branched or “beta branched”

product may also be selected.

Other modifications to the reaction scheme may include
the addition of a co-solvent to the reaction system or
operation under biphasic systems or other method, e.g.
supported catalyst phase, to aid catalyst separation from the
reaction medium.

Additional steps may be required following hydroformy-
lation, including hydrogenation of aldehydes to alcohols,
distillation of the resulting alcohols, and hydropolishing.

Depending upon which catalyst system, Co or Rh, and
particular reaction conditions applied 1n the hydroformy-
lation step, principally temperature and pressure, the resul-
tant alcohol mixture of 2-alkyl branched 1somers will also
have a linear n-alcohol component of from about 2 to about
50% by weight. If the linear content of the resultant alcohol
mixture 1s greater than desired, then alcohol mixture may be
split via solvent or low temperature crystallization mnto a
linear portion and branched portion, to yield a product that
1s rich 1 branched material, for example, up to about 90%
by weight branched, or about 95% by weight branched, or
even 99% by weight branched.

The desired alkyl chain length distribution of the alcohol
composition (e.g., from about 50% to about 100% by weight
of the composition are C15 alcohols (m+n=11, Formula
III)), may be obtained by blending different chain length
materials at various stages of the process, for example,
different chain length paraflins may be blended prior to
dehydrogenation, different chain length olefins may be
blended prior to hydroformylation, different chain length
aldehydes may be blended following hydroformylation, or
different chain length alcohols may be blended after the step
of reducing the aldehydes to alcohols.

The invention also relates to a process for preparing an
alcohol composition comprising the steps of:

a. providing internal olefins having from about 11 to about
19, or about 13 to about 16, carbon atoms;

b. hydroformylating said internal olefins with an unmodified
rhodium catalyst or a cobalt catalyst, typically unmodi-
fied, to produce aldehydes having from about 12 to about
20, or about 14 to about 17, carbon atoms;

c. hydrogenating the aldehydes of step (b) to generate the
alcohol composition;

d. optionally separating linear alcohols from branched alco-
hols via solvent or low-temperature recrystallization, such
that the alcohol composition 1s less than 10% by weight
linear alcohols.
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The resulting alcohol compositions may be turther pro-
cessed to produce surfactant compositions. For example,
conventional conversion of the resulting alcohol composi-
tions into anionic surfactants, such as alkyl sulfates, 1s
described 1n “Anionic Surfactants-Organic Chemistry”, Vol-

ume 56 of the Surfactant Science Series, Marcel Dekker,
New York. 1996.

Impurities

The process of making the 2-alkyl primary alcohol-
derived surfactants, e.g., 2-alkyl branched alkyl sulfates, of
the 1invention may produce various impurities and/or con-
taminants at different steps of the process. For example, as
noted above, during the process of obtaining n-paraflins,
contaminants, such as sulfur, nitrogen, and oxygenates, as
well as impurities, such as branched and cyclic components,
may be formed. Such impurities and contaminants are
typically removed. During the conversion of n-parailin to
n-olefins, di- and poly-olefins may be formed and may
optionally be removed. And, some unreacted n-parailins
may be present after the conversion step; these n-paratlins
may or may not be removed prior to subsequent steps. The
step of hydroformylation may also yield impurities, such as
linear and branched paraflins (arising from paraflin impurity
in the olefin feed or formed 1n the hydroformylation step),
residual olefin from 1ncomplete hydroformylation, as well as
esters, formates, and heavy-ends (dimers, trimers). Impuri-
ties that are not reduced to alcohol 1n the hydrogenation step
may be removed during the final purification of the alcohol
by distillation.

Also, 1t 1s well known that the process of sulfating fatty
alcohols to yield alkyl sulfate surfactants also yields various
impurities. The exact nature of these impurities depends on
the conditions of sulfation and neutralization. Generally,
however, the impurities of the sulfation process include one
or more morganic salts, unreacted fatty alcohol, and olefins
(““The Eflect of Reaction By-Products on the Viscosities of

Sodium Lauryl Sulfate Solutions,” Journal of the American
Oil Chemists’ Society, Vol. 55, No. 12, p. 909-913 (1978), C.

F. Putnik and S. E. McGuire).

Impurities may also include the catalysts or components
of the catalysts that are used in various steps.

SYNTHESIS EXAMPL.

L]
P

The following examples are representative and non-lim-
iting.
Alcohol Compositions—Using the above-described pro-

cess (MOLEX, PACOL, DEFINE, OLEX and unmodified

Rh hydroformylation), the alcohol compositions described
in Examples 1-10 are obtained and analyzed by gas chro-
matography with mass selection detection and tlame 1oniza-
tion detection (GC MSD/FID). The samples are prepared as
a 1% (v/v) dichloromethane solution and 1 ul of each sample
1s mjected 1 a Capillary GC Column: DB-5MS 30 mx0.25
mm 1D, 0.25 um film using an oven program of [50° C. (2
min)—(10° C./min)-285° C. (5 mun)] for 30.5 minutes.

Additional parameters include Column Flow: 1.2 ml/min
(He), Average Velocity 40 cm/sec, Injection Temp: 280° C.,
Sample Amount: 1 ul, Split Ratio: 1/100, FID Temp: 300°
C., H2 Flow: 40 ml/min, Air Flow: 450 ml/min, and Makeup
Gas Flow: 25 ml/min (He). Results are an average of two
separate 1njections and chromatographic analyses.

10

15

20

25

30

35

40

45

50

55

60

65

12
Example 1

C14-Rich (Formula III, m+n=10) 2-Alkyl Primary
Alcohol Composition

TABLE 1
Cl14-rich 2-alkyl primary Alcohol - Composition
Carbon# Branch Location Normalized FID Area %  Sub Total
Cl14 Linear 8.2 94.9
2-Methyl 19.0
2-Ethyl 12.7
2-Propyl 13.8
2-Butyl 15.8
2-Pentyl+ 25.4
C15 Linear 0.1 5.1
2-Methyl 0.8
2-Ethyl 0.5
2-Propyl 0.8
2-Butyl 0.9
2-Pentyl+ 2.0
Total FID Area % 100 100
Example 2
C15-Rich (Formula III, m+n=11) 2-Alkyl Primary
Alcohol Composition
TABLE 2
C15-rich 2-alkyl primary Alcohol - Composition
Carbon# Branch Location Normalized FID Area %  Sub Total
C15 Linear 8.6 98.1
2-Methyl 19.0
2-Ethyl 12.0
2-Propyl 12.7
2-Butyl 14.6
2-Pentyl+ 31.2
Cl6 Linear 0.0 1.9
2-Methyl 0.2
2-Ethyl 0.1
2-Propyl 0.3
2-Butyl 0.4
2-Pentyl+ 0.9
Total FID Area % 100 100
Example 3
Sulfation of Example 2 C13-Rich 2-Alkyl Primary
Alcohol Composition by Chlorosulionic Acid
A 1-Liter, 3-neck, round bottom flask 1s equipped with a

magnetic stir bar for mixing, an addition funnel with an
argon gas feed 1n the center neck, a thermometer in one side
neck and a tubing vent line in the other side neck leading to
a gas bubbler filled with 1 Normal conc. Sodium Hydroxide
to trap HCI gas evolved from reaction. 28.95 grams of the
Cl3-rich 2-alkyl primary alcohol composition {from
Example 2 and 30 milliliters of ACS Reagent Grade Diethyl
Ether are added to the round bottom flask. 15.43 grams of
98.5% Chlorosulfonic Acid 1s added to the addition funnel.
An argon gas flow runs from the top of additional funnel,
through the flask and out the side neck vent line to the
Sodium Hydroxide bubbler. The reaction tlask 1s cooled with
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an Ice/NaCl/Water bath. Mixing 1s begun and once the
reaction mixture reaches 10° C., the Chlorosulfonic Acid 1s

dripped 1n at a rate that maintains temperature at or below
10° C. The Chlorosulionic Acid addition 1s complete 1n 20
minutes.

The Ice/NaCl/Water bath 1s replaced with a 22-23° C.
water bath. The vent line tube attached to the Sodium
Hydroxide bubbler 1s switched to a vacuum tube attached to
a water aspirator. A solvent trap cooled with a Dry Ice/
Isopropanol bath 1s positioned along the vacuum tube
between the reaction flask and the aspirator to trap volatiles
pulled from the reaction mixture. A dial pressure gauge
(from US Gauge reading from 0-30 inches of Hg) 1s posi-
tioned 1n the vacuum tube after the solvent trap to measure
vacuum pulled on system. Reaction continues to mix for 26
minutes under argon gas sweep, while the water baths are
exchanged and the vacuum system 1s set up.

With continued mixing, the aspirator 1s turned on to begin
applying a vacuum on the reaction mixture. The vacuum
level 1s slowly increased by incrementally slowing the argon
gas tlow from the addition funnel. This 1s done to control
foaming of the reaction mixture. Eventually the argon flow
1s completely stopped resulting 1n full vacuum applied to the
reaction mixture (30 inches of Hg measured on the vacuum
gauge 1ndicating full vacuum applied). 30 minutes from start
of vacuum treatment, at which point the reaction mixture 1s
17° C., the vacuum 1s broken with argon gas flow, an
additional 15 ml of Diethyl Ether 1s added and the vacuum
1s incrementally increased, as done above. 28 minutes from
resumption of vacuum treatment, at which point the reaction
mixture 1s 17° C., the vacuum 1s broken with argon gas tlow,
an additional 15 ml of Diethyl Ether 1s added and the
vacuum 1s mcrementally increased, as done above. 62 min-
utes from resumption of vacuum treatment, the reaction

mixture 1s 17° C., light gold 1n color, fluid with no bubbling,
observed.

With good vortex mixing using an overhead mixer with
stainless steel mixing blades, the reaction mixture i1s slowly
poured over approximately a 2-3 minute period into a
mixture of 31.48 grams of 25 wt % Sodium Methoxide
solution 1 methanol and 120 ml of ACS Reagent Grade
Methanol contained 1n a stainless steel beaker cooled with
an 1ce/water bath to convert the Cl5-rich 2-alkyl primary
alcohol composition reaction product from the acid sulfate
form to the sodium sulfate salt form. The resulting mixture
1s hazy, white 1n color, fluid and mixing very well. Approxi-
mately 0.25 grams of the reaction product 1s dissolved in
approximately 0.5 grams of DI water and the pH 1s measured
to be 11-12 using a pH test strip. The resulting mixture 1s
mixed for an additional 20 minutes.

The reaction product 1s poured into a flat glass dish 1n a
fume hood. The product 1s allowed to dry overnight yielding
a white paste. Product 1s transferred to a 1200 ml glass flask
and spread into thin a layer. The flask 1s placed 1n a -22° C.
freezer for 2 hours and then attached to a LABCONCO
Freeze Drying unit under vacuum (3-4 mm Hg internal
pressure) to remove residual solvent for approximately 72
hours. 41.17 grams of a white, slightly tacky solid product
1s recovered.

Final product 1s determined to be 94.4% active by stan-
dard Cationic SO, titration analysis.
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Example 4

C16-Rich (Formula III, m+n=12) 2-Alkyl Primary
Alcohol Composition

TABLE 3
C16-rich 2-alkyl primary Alcohol - Composition
Carbon# Branch Location Normalized FID Area %  Sub Total
Cl14 Linear 0.1 0.7
2-Methyl 0.2
2-Ethyl 0.1
2-Propyl 0.1
2-Butyl 0.1
2-Pentyl+ 0.1
C15 Linear 0.7 5.5
2-Methyl 1.3
2-Ethyl 0.7
2-Propyl 0.7
2-Butyl 0.7
2-Pentyl+ 1.4
C16 Linear 7.6 93.8
2-Methyl 16.0
2-Ethyl 10.1
2-Propyl 10.9
2-Butyl 13.0
2-Pentyl+ 36.2
Total FID Area % 100 100

Example 5

C14/C15/C16 2-alkyl primary alcohol composition pre-

pared by blending 557.50 g of the C14-rich 2-alkyl primary
alcohol composition of Example 1, 1256.73 g of the C15-

rich 2-alkyl primary alcohol composition of Example 2, and
313.65 g of the Cl6-rich 2-alkyl primary alcohol composi-

tion of Example 4.

TABLE 4
Cl4, C15, C16 2-alkvl primary alcohol Composition

Carbon# [somer Nommalized FID Area % Sub Total
Cl14 Linear 2.14 24.9
2-Methyl 4.98
2-Ethyl 3.36
2-Propyl 3.60
2-Butyl 4.19
2-Pentyl+ 6.62
C15 Linear 5.32 60.3
2-Methyl 11.6
2-Ethyl 7.37
2-Propyl 7.80
2-Butyl 9.00
2-Pentyl+ 19.2
Cl6 Linear 1.05 14.8
2-Methyl 2.53
2-Ethyl 1.51
2-Propyl 1.82
2-Butyl 2.13
2-Pentyl+ 5.74
Example 6

Sulfation of C14/C15/C16 2-Alkyl Primary Alcohol
Composition by Chlorosulifonic Acid

A 3-Liter, 3-neck, round bottom flask 1s equipped as
described in Example 3. 704.9 grams of C14/C15/C16



US 9,493,725 B2

15

2-alkyl primary alcohol composition from Example 5 and
700 malliliters of ACS Reagent Grade Diethyl Ether are

added to the round bottom flask. 378.90 grams of 98.5%
Chlorosulionic Acid 1s added to the addition funnel. An
argon gas flow runs from the top of the addition funnel,
through the flask and out the side neck vent line to the
Sodium Hydroxide bubbler. The reaction tlask 1s cooled with
an Ice/NaCl/Water bath. Mixing 1s begun and once reaction
mixture reaches 10° C., the Chlorosulfonic Acid 1s dripped
in at a rate that maintains temperature at or below 10° C.
The Chlorosulionic Acid addition 1s complete in 64

minutes. The reaction mixture 1s clear and nearly colorless.

The Ice/NaCl/Water bath 1s replaced with a 22-23° C. water
bath. The vent line tube attached to the Sodium Hydroxide
bubbler 1s switched to a vacuum tube attached to a water
aspirator. A solvent trap cooled with a Dry Ice/Isopropanol
bath 1s positioned along the vacuum tube between the
reaction flask and the aspirator to trap volatiles pulled from
the reaction mixture. A dial pressure gauge (from US Gauge
reading from 0-30 inches of Hg) 1s positioned in the vacuum
tube after the solvent trap to measure vacuum pulled on
system. The reaction continues to mix for 18 minutes under
argon gas sweep, while the water baths are exchanged and
the vacuum system 1s set up, during which time the reaction
mixture warms from 9° C. to 16° C.

With continued mixing, the aspirator 1s turned on to begin
applying a vacuum on the reaction mixture. The vacuum
level 1s slowly increased by incrementally slowing the argon
gas tlow from the addition funnel. This 1s done to control
foaming of the reaction mixture. Eventually the argon flow
1s completely stopped resulting 1n full vacuum applied to the
reaction mixture (30 inches of Hg measured on the vacuum
gauge 1ndicating full vacuum applied). Full vacuum 1is
reached after 351 minutes of incrementally increasing
vacuum. The reaction mixture 1s held under full vacuum for
61 minutes, at which point the reaction mixture 1s 13° C.,
gold 1n color, clear, fluid and mixing well with very little
bubbling observed.

With good vortex mixing using an overhead mixer with
stainless steel mixing blades, the reaction mixture 1s slowly
poured over approximately a 10-minute period mnto a mix-
ture of 772.80 grams of 25 wt % Sodium Methoxide solution
in methanol and 12350 malliliters of ACS Reagent Grade
Methanol contained 1n a stainless steel beaker cooled with
an 1ce/water bath to convert the C14/C15/C16 2-alkyl pri-
mary alcohol sulfate composition reaction product from the
acid sulfate form to the sodium sulfate salt form. The
resulting mixture 1s cloudy, pale yellow 1n color, flmd and
mixing well. Approximately 0.1 grams of the reaction prod-
uct 1s dissolved 1n 0.25-0.5 grams of DI water and the pH 1s
measured to be 12, using a pH test strip. The resulting
mixture 1s mixed for an additional 20 minutes and then
stored overnight 1n a sealed plastic bucket 1n a refrigerator
at 4.5° C.

The reaction product 1s poured into a flat stainless steel
pan 1 a fume hood. Product 1s allowed to dry overnight
yielding a soft solid. Product 1s transferred 1n equal amounts
to three smaller pans and spread into thin layers and placed
in a vacuum oven (4-5 mm Hg internal pressure, 22-23° C.)
to remove residual solvent for approximately 185 hours. The
product 1s occasionally removed from vacuum oven and
mixed with spatula to create fresh surface area to aid in
solvent removal. An off-white, soit solid product 1s recov-
ered. Final product 1s analyzed by standard Cationic SO,

titration method, which determines final product activity to
be 90.8%.
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Example 7

Preparation of a C15/C16 2-Alkyl Primary Alcohol

Composition and Sulfation of the Alcohol
Composition by Chlorosulfonic Acid

A C15/C16 2-alkyl primary alcohol composition 1s pre-
pared by blending the alcohols of examples 2 and 4 1n the
following amounts: 732.94 grams of Example 2 alcohol,
519.95 grams of Example 4 alcohol.

A 3-Liter, 3-neck, round bottom flask 1s equipped as
described 1mn Examples 3 and 6. 528.48 grams of the C15/
C16 2-alkyl primary alcohol composition and 560 milliliters
of ACS Reagent Grade Diethyl Ether are added to the round
bottom flask. 275.47 grams of 98.5% Chlorosulionic Acid 1s
added to the addition funnel. An argon gas flow runs from
the top of the addition funnel, through the flask and out the
side neck vent line to the Sodium Hydroxide bubbler. The
reaction flask 1s cooled with an Ice/NaCl/Water bath. Mixing
1s begun and once the reaction mixture reaches 10° C., the
Chlorosulfonic Acid 1s dripped 1n at a rate that maintains
temperature at or below 10° C.

The Chlorosulionic Acid addition 1s complete 1n 64
minutes. The reaction mixture 1s clear and nearly colorless.
The Ice/NaCl/Water bath 1s replaced with a 22-23° C. water
bath. The vent line tube attached to the Sodium Hydroxide
bubbler 1s switched to a vacuum tube attached to a water
aspirator. A solvent trap cooled with a Dry Ice/Isopropanol
bath 1s positioned along the vacuum tube between the
reaction flask and the aspirator to trap volatiles pulled from
the reaction mixture. A dial pressure gauge (from US Gauge
reading from 0-30 inches of Hg) 1s positioned 1n the vacuum
tube after the solvent trap to measure vacuum pulled on
system. The reaction continues to mix for 17 minutes under
argon gas sweep, while the water baths are exchanged and
the vacuum system 1s set up, during which time the reaction
mixture remains at 9° C.

With continued mixing, the aspirator 1s turned on to begin
applying a vacuum on the reaction mixture. The vacuum
level 1s slowly increased by incrementally slowing the argon
gas flow from the addition funnel. This 1s done to control
foaming of the reaction mixture. Eventually the argon tlow
1s completely stopped resulting 1n tull vacuum applied to the
reaction mixture (30 inches of Hg measured on the vacuum
gauge i1ndicating full vacuum applied). Full vacuum 1is
reached after 45 minutes of incrementally increasing
vacuum. The reaction mixture 1s held under full vacuum for
24 minutes at which point the reaction mixture 1s 12.5° C.,
gold 1n color, clear, fluid and mixing well with very little
bubbling observed. The vacuum 1s broken with argon gas
flow, an additional 150 ml of Diethyl Ether 1s added and the
vacuum 1s incrementally increased, as done above. Full
vacuum 1s again reached after 20 minutes and held there for
4’7 minutes, at which point the reaction mixture 1s 16.5° C.,
gold 1n color, clear, fluid and mixing well with very little
bubbling observed.

With good vortex mixing using an overhead mixer with
stainless steel mixing blades, the reaction mixture 1s slowly
poured over approximately a 5-minute period into a mixture
of 561.80 grams of 25 wt % Sodium Methoxide solution 1n
methanol and 650 ml of ACS Reagent Grade Methanol
contained in a stainless steel beaker cooled with an ice/water
bath to convert the C15/C16 2-alkyl primary alcohol sulfate
composition reaction product from the acid sulfate form to
the sodium sulfate salt form. The resulting mixture 1s cloudy,
pale yellow 1n color, fluid and mixing well. Approximately
0.1 grams of the reaction product 1s dissolved 1 0.25-0.5
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grams ol DI water and the pH 1s measured to be 12 using a
pH test strip. The resulting mixture 1s mixed for an addi-

tional 30 minutes.

The reaction product 1s poured into a flat stainless steel
pan 1n a fume hood. The product 1s allowed to dry overnight
yielding a soft solid. The product is transferred 1n equal
amounts to three smaller pans and spread into thin layers and
placed 1n a vacuum oven (4-5 mm Hg internal pressure,
22-23° C.) to remove residual solvent for approximately 96
hours. The product 1s occasionally removed from vacuum
oven and mixed with spatula to create fresh surface area to
aid 1 solvent removal. An off-white, soft solid product 1s
recovered. Final product 1s analyzed by standard Cationic
SO, titration method, which determines final product activ-

ity to be 92.8%.

Example 8

Preparation a C15/C16/C17 2-Alkyl Primary
Alcohol Composition and Sulfation of the Alcohol
Composition by Chlorosulfonic Acid

A C15/C16/C17 2-alkyl primary alcohol composition 1s
prepared by blending the alcohols of examples 2 and 4 and
ISALCHEM® 167 alcohol in the following amounts:
245.96 grams Example 2 alcohol and 50.11 grams Example
4 alcohol with 126.29 grams of ISALCHEM® 167 alcohol.

A 3-Liter, 3-neck, round bottom flask 1s equipped as
described 1 Examples 3, 6, and 7. 410.13 grams of the
C15/C16/C17 2-alkyl primary alcohol composition and 500
milliliters of ACS Reagent Grade Diethyl Ether are added to
the round bottom flask. 212.55 grams of 98.5% Chlorosul-
fonic Acid 1s added to addition funnel. An argon gas tlow
runs from the top of the addition funnel, through the flask
and out the side neck vent line to the Sodium Hydroxide
bubbler. The reaction flask 1s cooled with an Ice/NaCl/Water
bath. Mixing 1s begun and once the reaction mixture reaches
10° C., the Chlorosulionic Acid 1s dripped 1n at a rate that
maintains temperature at or below 10° C.

The Chlorosulfonic Acid addition 1s complete in 50
minutes. The reaction mixture 1s clear and nearly colorless.
The Ice/NaCl/Water bath 1s replaced with a 22-23° C. water
bath. The vent line tube attached to the Sodium Hydroxide
bubbler 1s switched to a vacuum tube attached to a water
aspirator. A solvent trap cooled with a Dry Ice/Isopropanol
bath 1s positioned along the vacuum tube between the
reaction flask and the aspirator to trap volatiles pulled from
the reaction mixture. A dial pressure gauge (from US Gauge
reading from 0-30 inches of Hg) 1s positioned 1n the vacuum
tube after the solvent trap to measure vacuum pulled on
system. Reaction continues to mix for 26 minutes under
argon gas sweep, while the water baths are exchanged and
the vacuum system 1s set up, during which time the reaction
mixture warms from 8° C. to 15.5° C.

With continued mixing, the aspirator 1s turned on to begin
applying a vacuum on the reaction mixture. The vacuum
level 1s slowly increased by incrementally slowing the argon
gas flow from the addition funnel. This 1s done to control
foaming of the reaction mixture. Eventually the argon flow
1s completely stopped resulting 1n full vacuum applied to the
reaction mixture (30 inches of Hg measured on the vacuum
gauge 1ndicating full vacuum applied). Full vacuum 1is
reached after 30 minutes of incrementally increasing
vacuum. The reaction mixture 1s held under full vacuum for
29 minutes, at which point the reaction mixture 1s 13° C.,
gold 1n color, clear, fluid and mixing well with very little
bubbling observed. The vacuum 1s broken with argon gas
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flow, an additional 150 ml of Diethyl Ether 1s added and the
vacuum 1s incrementally increased, as done above. Full
vacuum 1s again reached after 14 minutes and held there for
61 minutes, at which point the reaction mixture 1s 18° C.,
gold 1n color, clear, fluid and mixing well with very little
bubbling observed.

With good vortex mixing using an overhead mixer with
stainless steel mixing blades, the reaction mixture 1s slowly
poured over approximately a 5-minute period into a mixture
of 433,70 grams of 25 wt % Sodium Methoxide solution 1n
methanol and 600 ml of ACS Reagent Grade Methanol
contained in a stainless steel beaker cooled with an ice/water
bath to convert the C15/C16/C17 2-alkyl primary alcohol
sulfate composition reaction product from the acid sulfate
form to the sodium sulfate salt form. The resulting mixture
1s cloudy, pale yellow 1n color, fluid and mixing very well.
Approximately 0.1 grams of the reaction product 1s dis-
solved 1 0.25-0.5 grams of DI water and the pH 1s measured
to be 12 using a pH test strip. The resulting mixture 1s mixed
for an additional 30 minutes.

The reaction product 1s poured into a flat stainless steel
pan 11 a fume hood. The product 1s allowed to dry for three
days yielding a soit solid. The product is transferred in equal
amounts to two smaller pans and spread into thin layers and
placed 1n a vacuum oven (4-5 mm Hg internal pressure,
22-23° C.) to remove residual solvent for approximately 96
hours. The product 1s occasionally removed from vacuum
oven and mixed and broken into smaller pieces with spatula
to create fresh surface area to aid 1n solvent removal. An
ofl-white, tacky solid 1s recovered. Final product 1s analyzed
by standard Cationic SO, titration method, which deter-
mines final product activity to be 95.9%.

Example 9

1.5 mL samples of C15/C16/C17 2-alkyl primary alcohol
sulfate solutions are prepared by blending 1 wt % solutions
of Cl5-rich 2-alkyl primary alcohol sulfate, C16-rich
2-alkyl primary alcohol sulfate and ISALCHEM® 167
alcohol sulfate 1n the following amounts:

(A) 0.885 mL Cl3-rich 2-alkyl primary alcohol sulfate,
0.195 mL C16-rich 2-alkyl primary alcohol sulfate and
0.420 mL ISALCHEM® 167 alcohol sulfate

(B) 0.877 mL Cl5-rich 2-alkyl primary alcohol sulfate,
0.074 mL C16-rich 2-alkyl primary alcohol sulfate and
0.549 mL ISALCHEM® 167 alcohol sulfate

(C) 0.872 mL C15-rich 2-alkyl primary alcohol sulfate, 0.0
ml. C16-rich 2-alkyl primary alcohol sulfate and 0.628
mL ISALCHEM® 1677 alcohol sulfate

(D) 0.791 mL Cl15-rich 2-alkyl primary alcohol suliate,
0.041 mL Cl16-rich 2-alkyl primary alcohol sulfate and
0.668 mL ISALCHEM® 167 alcohol sulfate.

Example 10

Preparation of a C14/C15/C16 2-Alkyl Primary
Alcohol Composition and the Corresponding
C14/C15/C16 2-Alkyl Alcohol Sulfate Using a
Falling Film Sulfation Reactor

A C14/C15/C16 2-alkyl primary alcohol composition is
prepared by blending 45.2 kg of the Cl4-rich 2-alkyl pri-
mary alcohol composition of Example 1, 101.9 kg of the
C13-rich 2-alkyl primary alcohol composition of Example 2,
and 235.5 kg of the C16-rich 2-alkyl primary alcohol com-
position of Example 4. The resulting composition 1s ana-
lyzed by gas chromatography with MSD/FID.
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TABLE 5

C14, 15, 16 2-alkyl primarv Alcohol - Composition

Carbon# [somer Normalized FID Area % Sub Total
Cl4 Linear 2.13 24.8
2-Methyl 496
2-Ethyl 3.34
2-Propyl 3.60
2-Butyl 4.17
2-Pentyl+ 6.61
C15 Linear 5.34 60.4
2-Methyl 11.7
2-Ethyl 7.38
2-Propyl 7.81
2-Butyl 8.97
2-Pentyl+ 19.2
Cl6 Linear 1.06 14.8
2-Methyl 2.51
2-Ethyl 1.51
2-Propyl 1.81
2-Butyl 2.13
2-Pentyl+ 5.78
Total FID Area % 100 100

The alcohol mixture 1s sulfated i1n a falling film using a
Chemithon single 15 mmx2 m tube reactor using SO,

generated from a sultur burning gas plant operating at 5.29
Ib/hr sulfur to produce 3.75% SO, on a volume basis.

Alcohol feed rate 1s 16.6 kg/hour and feed temperature was
75° F. Neutralization with 50% sodium hydroxide 1s com-
pleted at 86 T to a target of 0.5% excess sodium hydroxide
followed by addition of PEG4000 to a target concentration
of 2.5%. 33 two-gallon buckets of sodium neutralized C14/
C15/C16 2-alkyl alcohol sulfate paste are produced with
average transmittance of 92.7%. Analyses by standard Cat-
ionic SO, titration method determines final average product
activity to be 54.14%. The average sulfate level 1s 2059 ppm
and the average unsulfated level 1s 0.94% w/w.

Additional Surfactant

In addition to the first surfactant, the detergent composi-
tions may comprise an additional surfactant, e.g., a second
surfactant, a third surfactant. The detergent compositions
may comprise from about 1% to about 75%, by weight of the
composition, of an additional surfactant, e.g., a second
surfactant, a third surfactant. The detergent compositions
may comprise from about 2% to about 35%, by weight of the
composition, of an additional surfactant, e¢.g., a second
surfactant, a third surfactant. The detergent compositions
may comprise from about 5% to about 10%, by weight of the
composition, of an additional surfactant, e.g., a second
surfactant, a third surfactant. The additional surfactant may
be selected from the group consisting of anionic surfactants,
nonionic surfactants, cationic surfactants, zwitterionic sur-
tactants, amphoteric surfactants, ampholytic surfactants, and
mixtures thereol.

Anionic Surfactants

The additional surfactant may comprise one or more
anionic surfactants. Specific, non-limiting examples of suit-
able anionic surfactants include any conventional anionic
surfactant. This may include a sulfate detersive surfactant,
for e.g., alkoxylated and/or non-alkoxylated alkyl sulfate
materials, and/or sulfonic detersive surfactants, e.g., alkyl
benzene sulfonates.

Alkoxylated alkyl sulfate materials comprise ethoxylated
alkyl sulfate surfactants, also known as alkyl ether sulfates
or alkyl polyethoxylate sulfates. Examples of ethoxylated
alkyl sulfates include water-soluble salts, particularly the
alkali metal, ammonium and alkylolammonium salts, of
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organic sulfuric reaction products having in their molecular
structure an alkyl group containing from about 8 to about 30
carbon atoms and a sulfonic acid and 1ts salts. (Included 1n
the term “alkyl” 1s the alkyl portion of acyl groups. In some
examples, the alkyl group contains from about 15 carbon
atoms to about 30 carbon atoms. In other examples, the alkyl
cther sulfate surfactant may be a mixture of alkyl ether
sulfates, said mixture having an average (arithmetic mean)
carbon chain length within the range of about 12 to 30
carbon atoms, and 1n some examples an average carbon
chain length of about 25 carbon atoms, and an average
(arithmetic mean) degree of ethoxylation of from about 1
mol to 4 mols of ethylene oxide, and 1n some examples an
average (arithmetic mean) degree of ethoxylation of 1.8
mols of ethylene oxide. In further examples, the alkyl ether
sulfate surfactant may have a carbon chain length between
about 10 carbon atoms to about 18 carbon atoms, and a
degree of ethoxylation of from about 1 to about 6 mols of
cthylene oxide. In vyet further examples, the alkyl ether
sulfate surfactant may contain a peaked ethoxylate distribu-
tion.

Non-alkoxylated alkyl sulfates may also be added to the
disclosed detergent compositions and used as an anionic
surfactant component. Examples of non-alkoxylated, e.g.,
non-ethoxylated, alkyl sulfate surfactants include those pro-
duced by the sulfation of higher C,-C,, fatty alcohols. In
some examples, primary alkyl sulfate surfactants have the
general formula: ROSO,”M™, wherein R 1s typically a linear
Cq-C,, hydrocarbyl group, which may be straight chain or
branched chain, and M 1s a water-solubilizing cation. In
some examples, R 1s a C,,-C, alkyl, and M 1s an alkal1
metal. In other examples, R 1s a C,,-C,, alkyl and M 1s
sodium.

Other useful anionic surfactants can include the alkali
metal salts of alkyl benzene sulfonates, 1n which the alkyl
group contains from about 9 to about 15 carbon atoms, 1n
straight chain (linear) or branched chain configuration. In
some examples, the alkyl group 1s linear. Such linear alky-
Ibenzene sulfonates are known as “LAS.” In other examples,
the linear alkylbenzene sulfonate may have an average
number of carbon atoms 1n the alkyl group of from about 11
to 14. In a specific example, the linear straight chain alkyl
benzene sulfonates may have an average number of carbon
atoms 1n the alkyl group of about 11.8 carbon atoms, which
may be abbreviated as C11.8 LAS.

Suitable alkyl benzene sulphonate (LAS) may be
obtained, by sulphonating commercially available linear
alkyl benzene (LAB); suitable LAB includes low 2-phenyl
L.AB, such as those supplied by Sasol under the tradename
Isochem® or those supplied by Petresa under the tradename
Petrelab®, other suitable LAB include high 2-phenyl LAB,
such as those supplied by Sasol under the tradename
Hyblene®. A suitable anionic detersive surfactant 1s alkyl
benzene sulphonate that 1s obtained by DETAL catalyzed
process, although other synthesis routes, such as HF, may
also be suitable. In one aspect a magnesium salt of LAS 1s
used.

The detersive surfactant may be a mid-chain branched
detersive surfactant, e.g., a mid-chain branched anionic
detersive surfactant, such as a mid-chain branched alkyl
sulphate and/or a mid-chain branched alkyl benzene sulpho-
nate.

Other anionic surfactants useful herein are the water-
soluble salts of: paraflin sulfonates and secondary alkane
sulfonates containing from about 8 to about 24 (and in some
examples about 12 to 18) carbon atoms; alkyl glyceryl ether
sulfonates, especially those ethers of Cg_,4 alcohols (e.g.,
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those derived from tallow and coconut o1l). Mixtures of the
alkylbenzene sulfonates with the above-described parathn
sulfonates, secondary alkane sulfonates and alkyl glyceryl
cther sulfonates are also useful. Further suitable anionic
surfactants include methyl ester sulfonates and alkyl ether
carboxylates.

The anionic surfactants may exist 1n an acid form, and the
acid form may be neutralized to form a surfactant salt.
Typical agents for neutralization include metal counterion
bases, such as hydroxides, e.g., NaOH or KOH. Further
suitable agents for neutralizing anionic surfactants in their
acld forms include ammonia, amines, or alkanolamines.
Non-limiting examples of alkanolamines include monoetha-
nolamine, diethanolamine, triethanolamine, and other linear
or branched alkanolamines known in the art; suitable
alkanolamines include 2-amino-1-propanol, 1-aminopropa-
nol, monoisopropanolamine, or 1-amino-3-propanol. Amine
neutralization may be done to a full or partial extent, e.g.,
part of the anionic surfactant mix may be neutralized with
sodium or potassium and part of the anionic surfactant mix
may be neutralized with amines or alkanolamines.

Nonionic Surfactants

The additional surfactant may comprise one or more
nonionic surfactants. The detergent composition may com-
prise from about 0.1% to about 40% by weight of the
composition of a nonionic surfactant. The detergent com-
position may comprise from about 0.1% to about 15% by
weight of the composition of a nonionic surfactant. The
detergent composition may comprise from about 0.3% to
about 10% by weight of the composition of a nonionic
surfactant.

Suitable nonionic surfactants useful herein can comprise
any conventional nomonic surfactant. These can include, for
¢.g., alkoxylated fatty alcohols and amine oxide surfactants.
In some examples, the detergent compositions may contain
an ethoxylated nonionic surfactant. The nomonic surfactant
may be selected from the ethoxylated alcohols and ethoxy-
lated alkyl phenols of the formula R(OC,H, ), OH, wherein
R 1s selected from the group consisting of aliphatic hydro-
carbon radicals containing from about 8 to about 15 carbon
atoms and alkyl phenyl radicals in which the alkyl groups
contain from about 8 to about 12 carbon atoms, and the
average value of n 1s from about 5 to about 15. The nonionic
surfactant may b selected from ethoxylated alcohols having
an average ol about 24 carbon atoms 1n the alcohol and an
average degree of ethoxylation of about 9 moles of ethylene
oxide per mole of alcohol.

Other non-limiting examples of nonionic surfactants use-
ful herein include: Ci-C,, alkyl ethoxylates, such as,
NEODOL® nonionic surfactants from Shell; C.-C,, alkyl
phenol alkoxylates where the alkoxylate units may be eth-
yleneoxy umits, propyleneoxy units, or a mixture thereof;
C,,-C,5 alcohol and C.-C,, alkyl phenol condensates with
cthylene oxide/propylene oxide block polymers such as
Pluronic® from BASF; C,,-C,, mid-chain branched alco-
hols, BA; C,,-C,, mid-chain branched alkyl alkoxylates,
BAE_, wherein x 1s from 1 to 30; alkylpolysaccharides;
specifically alkylpolyglycosides; polyhydroxy {fatty acid
amides; and ether capped poly(oxyalkylated) alcohol sur-
factants.

Suitable nonionic detersive surfactants also include alkyl

polyglucoside and alkyl alkoxylated alcohol. Suitable non-
ionic surfactants also include those sold under the tradename
Lutensol® from BASF.

The nonionic surfactant may be selected from alkyl
alkoxylated alcohols, such as a C4_,; alkyl alkoxylated
alcohol, for example, a Cy_, 5 alkyl ethoxylated alcohol. The
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alkyl alkoxylated alcohol may have an average degree of
alkoxvylation of from about 1 to about 50, or from about 1 to
about 30, or from about 1 to about 20, or from about 1 to
about 10, or from about 1 to about 7, or from about 1 to
about 35, or from about 3 to about 7. The alkyl alkoxylated
alcohol can be linear or branched, substituted or unsubsti-
tuted.

Cationic Surfactants

The additional surfactant may comprise one or more
cationic surfactants.

The detergent compositions may comprise from about
0.1% to about 10%, or about 0.1% to about 7%, or about
0.3% to about 5% by weight of the composition, of an
additional surfactant selected from one or more cationic
surfactants. The detergent compositions of the invention
may be substantially free of cationic surfactants and surfac-
tants that become cationic below a pH of 7 or below a pH
of 6.

Non-limiting examples of cationic surfactants include: the
quaternary ammonium surfactants, which can have up to 26
carbon atoms include: alkoxylate quaternary ammonium
(AQA) surfactants; dimethyl hydroxyethyl quaternary
ammonium; dimethyl hydroxyethyl lauryl ammonium chlo-
ride; polyamine cationic surfactants; cationic ester surfac-
tants; and amino surfactants, e.g., amido propyldimethyl
amine (APA).

Suitable cationic detersive surfactants also include alkyl
pyridinium compounds, alkyl quaternary ammonium com-
pounds, alkyl quaternary phosphonium compounds, alkyl
ternary sulphonium compounds, and mixtures thereof.

Suitable cationic detersive surfactants are quaternary
ammonium compounds having the general formula:

(RY(R1(R2)(R3)N+X—

wherein, R 1s a linear or branched, substituted or unsubsti-
tuted C6-18 alkyl or alkenyl moiety, R1 and R2 are inde-
pendently selected from methyl or ethyl moieties, R3 15 a
hydroxyl, hydroxymethyl or a hydroxyethyl moiety, X 1s an
anion which provides charge neutrality, suitable anions
include: halides, for example chlonide; sulphate; and sul-
phonate. Suitable cationic detersive suriactants are mono-
C6-18 alkyl mono-hydroxyethyl di-methyl quaternary
ammonium chlorides. Highly suitable cationic detersive
surfactants are mono-C8-10 alkyl mono-hydroxyethyl di-
methyl quaternary ammonium chloride, mono-C10-12 alkyl
mono-hydroxyethyl di-methyl quaternary ammonium chlo-
ride and mono-C10 alkyl mono-hydroxyethyl di-methyl
quaternary ammonium chloride.

Zwitterionic Surfactants

Examples of zwitterionic surfactants include: derivatives
of secondary and tertiary amines, derivatives of heterocyclic
secondary and tertiary amines, or derivatives ol quaternary
ammonium, quaternary phosphonium or tertiary sulfonium
compounds. Suitable examples of zwitterionic surfactants
include betaines, including alkyl dimethyl betaine and coc-
odimethyl amidopropyl betaine, C, to C, ; (for example from
C,, to C,5) amine oxides, and sulfo and hydroxy betaines,
such as N-alkyl-N,N-dimethylammino-1-propane sulfonate
where the alkyl group can be C, to C,5.

Amphoteric Surfactants

Examples of amphoteric surfactants include aliphatic
derivatives of secondary or tertiary amines, or aliphatic
derivatives of heterocyclic secondary and tertiary amines 1n
which the aliphatic radical may be straight or branched-
chain and where one of the aliphatic substituents contains at
least about 8 carbon atoms, or from about 8 to about 18
carbon atoms, and at least one of the aliphatic substituents
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contains an anionic water-solubilizing group, e.g. carboxy,
sulfonate, sulfate. Examples of compounds falling within
this definition are sodium 3-(dodecylamino)propionate,
sodium 3-(dodecylamino) propane-1-sulfonate, sodium
2-(dodecylamino)ethyl sulfate, sodium 2-(dimethylamino)
octadecanoate, disodium = 3-(N-carboxymethyldodecy-
lamino )propane 1-sulfonate, disodium octadecyl-imminodi-
acetate, sodium 1-carboxymethyl-2-undecylimidazole, and
sodium N,N-bis(2-hydroxyethyl)-2-sulfato-3-dodecoxypro-
pylamine. Suitable amphoteric surfactants also include sar-
cosinates, glycinates, taurinates, and mixtures thereof.

Additional Branched Surfactants

The additional surfactant may comprise one or more
branched surfactants, different from the 2-alkyl branched
first surfactant. Suitable branched surfactants 1nclude
anionic branched surfactants selected from branched sul-
phate or branched sulphonate surfactants, e.g., branched
alkyl sulphate, branched alkyl alkoxylated sulphate, and
branched alkyl benzene sulphonates, comprising one or
more random alkyl branches, e.g., C,_, alkyl groups, typi-
cally methyl and/or ethyl groups.

The branched detersive surfactant may be a mid-chain
branched detersive surfactant, e.g., a mid-chain branched
anionic detersive surfactant, such as a mid-chain branched
alkyl sulphate and/or a mid-chain branched alkyl benzene
sulphonate.

The branched anionic surfactant may comprise a branched
modified alkylbenzene sulfonate (MLAS).

The branched anionic surfactant may comprise a C12/13
alcohol-based surfactant comprising a methyl branch ran-
domly distributed along the hydrophobe chain, e.g., Safol®,
Marlipal® available from Sasol.

Additional suitable branched anionic detersive surfactants
include surfactant derivatives of 1soprenoid-based poly-
branched detergent alcohols. Isoprenoid-based surfactants
and 1soprenoid derivatives are also described in the book
entitled “Comprehensive Natural Products Chemistry: Iso-
prenoids Including Carotenoids and Steroids (Vol. two)”,
Barton and Nakanishi, © 1999, Elsevier Science Ltd and are
included in the structure E, and are hereby incorporated by
retference. Further suitable branched anionic detersive sur-
factants include those derived from anteiso and 1so-alcohols.

Suitable branched anionic surfactants also include Guer-
bet-alcohol-based  surfactants. Guerbet alcohols are
branched, primary monofunctional alcohols that have two
linear carbon chains with the branch point always at the
second carbon position. Guerbet alcohols are chemically
described as 2-alkyl-1-alkanols. Guerbet alcohols generally
have from 12 carbon atoms to 36 carbon atoms. The Guerbet
alcohols may be represented by the following formula:
(R1)(R2)CHCH,OH, where R1 1s a linear alkyl group, R2 1s
a linear alkyl group, the sum of the carbon atoms 1n R1 and
R2 1s 10 to 34, and both R1 and R2 are present. Guerbet
alcohols are commercially available from Sasol as Isofol®
alcohols and from Cognis as Guerbetol.

Combinations of Additional Surfactants

The additional surfactant may comprise an anionic sur-
factant and a nonionic surfactant, for example, a C,,-C, 4
alkyl ethoxylate. The additional surfactant may comprise
C,o-C, < alkyl benzene sulfonates (LAS) and another anionic
surfactant, e.g., C,,-C, ; alkyl alkoxy sulfates (AE.S), where
x 1s from 1-30. The additional surfactant may comprise an
anionic surfactant and a cationic surfactant, for example,
dimethyl hydroxyethyl lauryl ammonium chloride. The
additional surfactant may comprise an anionic surfactant and
a zwitterionic surfactant, for example, C12-C14 dimethyl
amine oxide.
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Anionic/Nonionic Combinations

The detergent compositions may comprise combinations
of amionic and nonionic surfactant materials. The weight
ratio of anionic surfactant to nonionic surfactant may be at
least about 1.5:1, or at least about 2:1, or at least about 5:1,
or at least about 10:1, or at least about 25:1, or at least about
100:1.
Adjunct Cleaming Additives

The detergent compositions of the mvention may also
contain adjunct cleaning additives. Suitable adjunct cleaning
additives include builders, structurants or thickeners, clay
so1l removal/anti-redeposition agents, polymeric soil release
agents, polymeric dispersing agents, polymeric grease
cleaning agents, enzymes, enzyme stabilizing systems,
bleaching compounds, bleaching agents, bleach activators,
bleach catalysts, brighteners, dyes, hueing agents, dye trans-
fer mhibiting agents, chelating agents, suds supressors,
solteners, and perfumes.

Enzymes

The cleaning compositions described herein may com-
prise one or more enzymes which provide cleaning perfor-
mance and/or fabric care benefits. Examples of suitable
enzymes include, but are not limited to, hemicellulases,
peroxidases, proteases, cellulases, xylanases, lipases, phos-
pholipases, esterases, cutinases, pectinases, mannanases,
pectate lyases, keratinases, reductases, oxidases, phenoloxi-
dases, lipoxygenases, ligninases, pullulanases, tannases,
pentosanases, malanases, [3-glucanases, arabinosidases,
hyaluronidase, chondroitinase, laccase, and amylases, or
mixtures thereof. A typical combination 1s an enzyme cock-
tail that may comprise, for example, a protease and lipase in
conjunction with amylase. When present 1n a detergent
composition, the atorementioned additional enzymes may
be present at levels from about 0.00001% to about 2%, from
about 0.0001% to about 1% or even from about 0.001% to
about 0.5% enzyme protein by weight of the detergent
composition.

Enzyme Stabilizing System

The cleaning compositions may comprise from about
0.001% to about 10%, 1n some examples from about 0.005%
to about 8%, and in other examples, from about 0.01% to
about 6%, by weight of the composition, of an enzyme
stabilizing system. The enzyme stabilizing system can be
any stabilizing system which 1s compatible with the deter-
sive enzyme. Such a system may be mherently provided by
other formulation actives, or be added separately, e.g., by the
formulator or by a manufacturer of detergent-ready
enzymes. Such stabilizing systems can, for example, com-
prise calcium 1on, boric acid, propylene glycol, short chain
carboxylic acids, boronic acids, chlorine bleach scavengers
and mixtures thereof, and are designed to address different
stabilization problems depending on the type and physical
form of the detergent composition. In the case of aqueous
detergent compositions comprising protease, a reversible
protease inhibitor, such as a boron compound, including
borate, 4-formyl phenylboronic acid, phenylboronic acid
and denivatives thereof, or compounds such as calcium
formate, sodium formate and 1,2-propane diol may be added
to further improve stability.

Builders

The detergent compositions of the present invention may
optionally comprise a builder. Built detergent compositions
typically comprise at least about 1% builder, based on the
total weight of the composition. Liquid detergent composi-
tions may comprise up to about 10% builder, and 1n some
examples up to about 8% builder, of the total weight of the
composition. Granular detergent compositions may com-
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prise up to about 30% builder, and 1n some examples up to
about 5% builder, by weight of the composition.

Builders selected from aluminosilicates (e.g., zeolite
builders, such as zeolite A, zeolite P, and zeolite MAP) and
silicates assist in controlling mineral hardness 1n wash water,
especially calcium and/or magnesium, or to assist 1 the
removal of particulate soils from surfaces. Suitable builders
may be selected from the group consisting of phosphates,
such as polyphosphates (e.g., sodium tri-polyphosphate),
especially sodium salts thereof; carbonates, bicarbonates,
sesquicarbonates, and carbonate minerals other than sodium
carbonate or sesquicarbonate; organic mono-, di-, tri-, and
tetracarboxylates, especially water-soluble nonsurfactant
carboxylates 1n acid, sodium, potassium or alkanolammo-
nium salt form, as well as oligomeric or water-soluble low
molecular weight polymer carboxylates including aliphatic
and aromatic types; and phytic acid. These may be comple-
mented by borates, e.g., for pH-bullering purposes, or by
sulfates, especially sodium sulfate and any other fillers or
carriers which may be important to the engineering of stable
surtactant and/or builder-containing detergent compositions.
Additional suitable builders may be selected from citric
acid, lactic acid, fatty acid, polycarboxylate builders, for
example, copolymers of acrylic acid, copolymers of acrylic
acid and maleic acid, and copolymers of acrylic acid and/or
maleic acid, and other suitable ethylenic monomers with
various types of additional functionalities. Also suitable for
use as builders herein are synthesized crystalline ion
exchange materials or hydrates thereol having chain struc-
ture and a composition represented by the following general
anhydride form: x(M,0).yS10,zM'O wherein M 1s Na and/
or K, M'1s Ca and/or Mg; y/x 15 0.5 to 2.0; and z/x 1s 0.005
to 1.0 as taught 1n U.S. Pat. No. 5,427,711.

Alternatively, the composition may be substantially free
of builder.

Structurant/Thickeners

Suitable structurants/thickeners include di-benzylidene
polyol acetal derivative. The fluid detergent composition
may comprise from about 0.01% to about 1% by weight of
a dibenzylidene polyol acetal derivative (DBPA), or from
about 0.05% to about 0.8%, or from about 0.1% to about
0.6%, or even from about 0.3% to about 0.5%. The DBPA
derivative may comprise a dibenzylidene sorbitol acetal
derivative (DBS).

Suitable structurants/thickeners also include bacterial cel-
lulose. The fluid detergent composition may comprise from
about 0.005% to about 1% by weight of a bacternial cellulose
network. The term “bacterial cellulose” encompasses any
type of cellulose produced via fermentation of a bacteria of
the genus Acetobacter such as CELLULON® by CPKelco
U.S. and includes materials referred to popularly as micro-
fibrillated cellulose, reticulated bacterial cellulose, and the
like.

Suitable structurants/thickeners also include coated bac-
terial cellulose. The bacterial cellulose may be at least
partially coated with a polymeric thickener. The at least
partially coated bactenal cellulose may comprise from about
0.1% to about 5%, or even from about 0.5% to about 3%, by
weight of bactenal cellulose; and from about 10% to about
90% by weight of the polymeric thickener. Suitable bacterial
cellulose may include the bacterial cellulose described
above and suitable polymeric thickeners include: carboxym-
cthylcellulose, cationic hydroxymethylcellulose, and mix-
tures thereof.

Suitable structurants/thickeners also 1include cellulose
fibers. The composition may comprise from about 0.01 to
about 5% by weight of the composition of a cellulosic fiber.
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The cellulosic fiber may be extracted from vegetables, fruits
or wood. Commercially available examples are Avicel®
from FMC, Citri-F1 from Fiberstar or Betafib from Cosun.

Suitable structurants/thickeners also include non-poly-
meric crystalline hydroxyl-functional materials. The com-
position may comprise from about 0.01 to about 1% by
weight of the composition of a non-polymeric crystalline,
hydroxyl functional structurant. The non-polymeric crystal-
line, hydroxyl functional structurants generally may com-
prise a crystallizable glyceride which can be pre-emulsified
to aid dispersion 1nto the final fluid detergent composition.
The crystallizable glycerides may include hydrogenated
castor o1l or “HCQO” or derivatives thereot, provided that 1t
1s capable of crystallizing 1n the liquid detergent composi-
tion.

Suitable structurants/thickeners also include polymeric
structuring agents. The compositions may comprise irom
about 0.01% to about 5% by weight of a naturally derived
and/or synthetic polymeric structurant. Examples of natu-
rally derived polymeric structurants of use in the present
invention include: hydroxyethyl cellulose, hydrophobically
modified hydroxyethyl cellulose, carboxymethyl cellulose,
polysaccharide derivatives and mixtures thereof. Suitable
polysaccharide derivatives include: pectine, alginate, arabi-
nogalactan (gum Arabic), carrageenan, gellan gum, xanthan
gum, guar gum and mixtures thereof. Examples of synthetic
polymeric structurants of use in the present invention
include: polycarboxylates, polyacrylates, hydrophobic ally
modified ethoxylated urethanes, hydrophobic ally modified
non-ionic polyols and mixtures thereof.

Suitable structurants/thickeners also i1nclude di-amido-
gellants. The external structuring system may comprise a
di-amido gellant having a molecular weight from about 150
g/mol to about 1,500 g/mol, or even from about 500 g/mol
to about 900 g/mol. Such di-amido gellants may comprise at
least two nitrogen atoms, wherein at least two of said
nitrogen atoms form amido functional substitution groups.
The amido groups may be different or the same. Non-
limiting examples of di-amido gellants are: N,N'-(2S5,2'S)-
1,1'-(dodecane-1,12-diylbis(azanediyl))bis(3-methyl-1-
oxobutane-2,1-diyl)duisonicotinamide; dibenzyl (2S,2'S)-1,
1'-(propane-1,3-diylbis(azanediyl))bis(3-methyl-1-
oxobutane-2,1-diyl)dicarbamate; dibenzyl (25,2'S)-1,1'-
(dodecane-1,12-diylbis(azanediyl))bis(1-0x0-3-
phenylpropane-2,1-diyl)dicarbamate.

Polymeric Dispersing Agents

The cleaning composition may comprise one or more
polymeric dispersing agents. Examples are carboxymethyl-
cellulose, poly(vinyl-pyrrolidone), poly (ethylene glycol),
poly(vinyl alcohol), poly(vinylpyridine-N-oxide), poly(vi-
nylimidazole), polycarboxylates such as polyacrylates,
maleic/acrylic acid copolymers and lauryl methacrylate/
acrylic acid co-polymers.

The cleaning composition may comprise one or more
amphiphilic cleaning polymers such as the compound hav-
ing the following general structure: bis((C,H.O)(C,H,O)n)
(CH3)—N"—C,H,,—N"—(CH,)-bis((C,HsO)(C;H,O)n),
wherein n=from 20 to 30, and x=from 3 to 8, or sulphated
or sulphonated variants thereof.

The cleaning composition may comprise amphiphilic
alkoxylated grease cleaming polymers which have balanced
hydrophilic and hydrophobic properties such that they
remove grease particles from fabrics and surfaces. The
amphiphilic alkoxylated grease cleaning polymers may
comprise a core structure and a plurality of alkoxylate
groups attached to that core structure. These may comprise
alkoxylated polyalkylenimines, for example, having an
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inner polyethylene oxide block and an outer polypropylene
oxide block. Such compounds may include, but are not
limited to, ethoxylated polyethyleneimine, ethoxylated hex-
amethylene diamine, and sulfated versions thereof. Poly-
propoxylated derivatives may also be included. A wide
variety of amines and polyalklyeneimines can be alkoxy-
lated to various degrees. A useful example 1s 600 g/mol
polyethyleneimine core ethoxylated to 20 Et) groups per NH
and 1s available from BASF. The detergent compositions
described herein may comprise from about 0.1% to about
10%, and 1n some examples, from about 0.1% to about 8%,
and 1n other examples, from about 0.1% to about 6%, by
weight of the detergent composition, of alkoxylated
polyamines.

Carboxylate polymer—The detergent composition may
also 1include one or more carboxylate polymers, which may
optionally be sulfonated. Suitable carboxylate polymers
include a maleate/acrylate random copolymer or a poly
(meth)acrylate homopolymer. In one aspect, the carboxylate

polymer 1s a poly(meth)acrylate homopolymer having a
molecular weight from 4,000 Da to 9,000 Da, or from 6,000

Da to 9,000 Da.

Alkoxylated polycarboxylates may also be used 1n the
detergent compositions herein to provide grease removal.
Such materials are described in WO 91/08281 and PCT
90/01815. Chemically, these materials comprise poly(meth)
acrylates having one ethoxy side-chain per every 7-8 (meth)
acrylate units. The side-chains are of the formula
—(CH,CH,0O)_ (CH,)—CH; wherein m 1s 2-3 and n 1s
6-12. The side-chains are ester-linked to the polyacrylate
“backbone” to provide a “comb” polymer type structure.
The molecular weight can vary, but may be in the range of
about 2000 to about 50,000. The detergent compositions
described herein may comprise from about 0.1% to about
10%, and 1n some examples, from about 0.25% to about 5%,
and 1n other examples, from about 0.3% to about 2%, by
welght of the detergent composition, of alkoxylated poly-
carboxylates.

The detergent compositions may include an amphiphilic
graft co-polymer. A suitable amphiphilic graft co-polymer
comprises (1) a polyethyelene glycol backbone; and (11) and
at least one pendant moiety selected from polyvinyl acetate,
polyvinyl alcohol and mixtures thereof. A suitable amphilic
graft co-polymer 1s Sokalan® HP22, supplied from BASF.
Suitable polymers include random graft copolymers, for
example, a polyvinyl acetate grafted polyethylene oxide
copolymer having a polyethylene oxide backbone and mul-
tiple polyvinyl acetate side chains. The molecular weight of
the polyethylene oxide backbone 1s typically about 6000 and
the weight ratio of the polyethylene oxide to polyvinyl
acetate 1s about 40 to 60 and no more than 1 grafting point
per 50 ethylene oxide units.

So1l Release Polymer

The detergent compositions of the present mnvention may
also include one or more soil release polymers having a
structure as defined by one of the following structures (1),

(II) or (III):

—[(OCHR!'—CHR?) —O—OC—Ar—CO—], (D)

— [(OCHR’*—CHR*),—O—OC-sAr—CO—1].. (1)

—[(OCHR>—CHR®),—OR ], (I11)

wherein:

a, b and ¢ are from 1 to 200:;
d, e and T are from 1 to 50;
Ar 1s a 1,4-substituted phenylene;
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sAr 1s 1,3-substituted phenylene substituted 1n position 5
with SO, Me;

Me 1s L1, K, Mg/2, Ca/2, Al/3, ammonium, mono-, di-,
tri-, or tetraalkylammonium wherein the alkyl groups are
C,-C,, alkyl or C,-C,, hydroxyalkyl, or mixtures thereof;

R' R, R’ R* R’ and R® are independently selected from
H or C,-C,; n- or 1so-alkyl; and

R’ is a linear or branched C,-C,, alkyl, or a linear or
branched C,-C,, alkenyl, or a cycloalkyl group with 5 to 9
carbon atoms, or a Cq-C,, aryl group, or a C,-C,, arylalkyl

group.

Suitable soil release polymers are polyester soil release
polymers such as Repel-o-tex polymers, including Repel-o-
tex SE, SF-2 and SRP6 supplied by Rhodia. Other suitable
so1l release polymers include Texcare polymers, including
Texcare SRA100, SRA300, SRN100, SRN170, SRN240,
SRN300 and SRN325 supplied by Clariant. Other suitable

so1l release polymers are Marloquest polymers, such as
Marloquest SL supplied by Sasol.

Cellulosic Polymer

The cleaning compositions of the present invention may
also include one or more cellulosic polymers including those
selected from alkyl cellulose, alkyl alkoxyalkyl cellulose,
carboxyalkyl cellulose, alkyl carboxyalkyl cellulose. In one
aspect, the cellulosic polymers are selected from the group
comprising carboxymethyl cellulose, methyl cellulose,
methyl hydroxyethyl cellulose, methyl carboxymethyl cel-
lulose, and mixtures thereof. In one aspect, the carboxym-
cthyl cellulose has a degree of carboxymethyl substitution
from 0.5 to 0.9 and a molecular weight from 100,000 Da to
300,000 Da.

Amines

Various amines may be used 1n the cleaning compositions
described herein for added removal of grease and particu-
lates from soiled materials. The detergent compositions
described herein may comprise from about 0.1% to about
10%, 1n some examples, from about 0.1% to about 4%, and
in other examples, from about 0.1% to about 2%, by weight
of the detergent composition, of additional amines. Non-
limiting examples of additional amines may include, but are
not limited to, polyetheramines, polyamines, oligoamines,
triamines, diamines, pentamines, tetraamines, or combina-
tions thereof. Specific examples of suitable additional
amines 1nclude tetracthylenepentamine, triethylenetet-
raamine, diethylenetriamine, or a mixture thereof.

Bleaching Agents—

The detergent compositions of the present invention may
comprise one or more bleaching agents. Suitable bleaching
agents other than bleaching catalysts include photobleaches,
bleach activators, hydrogen peroxide, sources of hydrogen
peroxide, pre-formed peracids and mixtures thereof. In
general, when a bleaching agent 1s used, the detergent
compositions of the present invention may comprise from
about 0.1% to about 50% or even {from about 0.1% to about
25% bleaching agent by weight of the detergent composi-
tion.

Bleach Catalysts—

The detergent compositions of the present invention may
also 1nclude one or more bleach catalysts capable of accept-
Ing an oxygen atom from a peroxyacid and/or salt thereof,
and transferring the oxygen atom to an oxidizable substrate.
Suitable bleach catalysts include, but are not limited to:
iminium cations and polyions; iminium zwitterions; modi-
fled amines; modified amine oxides; N-sulphonyl 1mines;
N-phosphonyl 1mines; N-acyl imines; thiadiazole dioxides;
pertluoroamines; cyclic sugar ketones and mixtures thereof.
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Brighteners

Optical brighteners or other brightening or whitening
agents may be incorporated at levels of from about 0.01% to
about 1.2%, by weight of the composition, into the detergent
compositions described herein. Commercial fluorescent
brighteners suitable for the present mvention can be classi-
fied 1nto subgroups, including but not limited to: derivatives
of stilbene, pyrazoline, coumarin, benzoxazoles, carboxylic
acid, methinecyanines, dibenzothiophene-5,35-dioxide,
azoles, 5- and 6-membered-ring heterocycles, and other
miscellaneous agents.

In some examples, the fluorescent brightener 1s selected
from the group consisting of disodium 4,4'-bis{[4-anilino-
6-morpholino-s-triazin-2-yl]-amino }-2,2'-stilbenedisul-
fonate (brightener 15, commercially available under the
tradename Tinopal AMS-GX by Ciba Geigy Corporation),
disodium4,4'-bis{[4-anilino-6-(N-2-bis-hydroxyethyl)-s-tri-
azine-2-yl]-amino }-2,2'-stilbenedisulonate  (commercially
available under the tradename Tinopal UNPA-GX by Ciba-
Geigy Corporation), disodium 4,4'-bis{[4-anilino-6-(N-2-
hydroxyethyl-N-methylamino)-s-triazine-2-yl]-amino } -2,
2'-stilbenedisulionate (commercially available under the
tradename Tinopal SBM-GX by Ciba-Geigy Corporation).
The fluorescent brightener may be disodium 4,4'-bis{[4-
anilino-6-morpholino-s-triazin-2-yl]-amino }-2,2'-stilbene-
disulfonate.

The brighteners may be added in particulate form or as a
premix with a suitable solvent, for example nonionic sur-
factant, monoethanolamine, propane diol.

The brightener may be incorporated into the detergent
composition as part of a reaction mixture which is the result
of the organic synthesis for the brightener molecule, with
optional purification step(s). Such reaction mixtures gener-
ally comprise the brightener molecule itself and 1n addition
may comprise un-reacted starting materials and/or by-prod-
ucts of the organic synthesis route.

Fabric Hueing Agents

The composition may comprise a fabric hueing agent
(sometimes referred to as shading, bluing or whitening
agents). Typically the hueing agent provides a blue or violet
shade to fabric. Hueing agents can be used either alone or 1n
combination to create a specific shade of hueing and/or to
shade different fabric types. This may be provided for
example by mixing a red and green-blue dye to yield a blue
or violet shade. Hueing agents may be selected from any
known chemical class of dye, including but not limited to
acridine, anthraquinone (ncluding polycyclic quinones),
azine, azo (e.g., monoazo, disazo, trisazo, tetrakisazo,
polyazo), including premetallized azo, benzodifurane and
benzodifuranone, carotenoid, coumarin, cyanine, diaza-
hemicyanine, diphenylmethane, formazan, hemicyanine,
indigoids, methane, naphthalimides, naphthoquinone, nitro
and nitroso, oxazine, phthalocyanine, pyrazoles, stilbene,
styryl, triarylmethane, triphenylmethane, xanthenes and
mixtures thereol.

Suitable fabric hueing agents include dyes, dye-clay con-
jugates, and organic and 1norganic pigments. Suitable dyes
include small molecule dyes and polymeric dyes. Suitable
small molecule dyes include small molecule dyes selected
from the group consisting of dyes falling into the Colour
Index (C.1.) classifications of Direct, Basic, Reactive or
hydrolysed Reactive, Solvent or Disperse dyes for example
that are classified as Blue, Violet, Red, Green or Black, and
provide the desired shade either alone or 1n combination. In
another aspect, suitable small molecule dyes include small
molecule dyes selected from the group consisting of Colour
Index (Society of Dyers and Colourists, Bradiord, UK)
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numbers Direct Violet dyes such as 9, 35, 48, 51, 66, and 99,
Direct Blue dyes such as 1, 71, 80 and 279, Acid Red dyes
such as 17, 73, 52, 88 and 1350, Acid Violet dyes such as 13,
17,24, 43, 49 and 30, Acid Blue dyes such as 15, 17, 25, 29,
40, 45, 775, 80, 83, 90 and 113, Acid Black dyes such as 1,
Basic Violet dyes such as 1, 3, 4, 10 and 35, Basic Blue dyes
such as 3, 16, 22, 47, 66, 75 and 139, Disperse or Solvent
dyes such as those described 1n EP1794275 or EP1794276,
or dyes as disclosed i U.S. Pat. No. 7,208,459 B2, and

mixtures thereol. In another aspect, suitable small molecule
dyes include small molecule dyes selected from the group
consisting of C. I. numbers Acid Violet 17, Direct Blue 71,
Direct Violet 51, Direct Blue 1, Acid Red 88, Acid Red 150,
Acid Blue 29, Acid Blue 113 or mixtures thereof.

Suitable polymeric dyes include polymeric dyes selected
from the group consisting of polymers contaiming covalently
bound (sometimes referred to as conjugated) chromogens,
(dye-polymer conjugates), for example polymers with chro-
mogens co-polymerized into the backbone of the polymer
and mixtures thereof.

Suitable polymeric dyes include polymeric dyes selected
from the group consisting of fabric-substantive colorants
sold under the name of Liquitint® (Milliken, Spartanburg,
S.C., USA), dye-polymer conjugates formed from at least
one reactive dye and a polymer selected from the group
consisting of polymers comprising a moiety selected from
the group consisting of a hydroxyl moiety, a primary amine
moiety, a secondary amine moiety, a thiol moiety and
mixtures thereof. In still another aspect, suitable polymeric
dyes include polymeric dyes selected from the group con-
sisting of Liquitint® Violet CT, carboxymethyl cellulose
(CMC) covalently bound to a reactive blue, reactive violet
or reactive red dye such as CMC conjugated with C.I.
Reactive Blue 19, sold by Megazyme, Wicklow, Ireland
under the product name AZO-CM-CELLULOSE, product
code S-ACMC, alkoxylated triphenyl-methane polymeric
colourants, alkoxylated thiophene polymeric colourants, and
mixtures thereof.

Suitable dye clay conjugates include dye clay conjugates
selected from the group comprising at least one cationic/
basic dye and a smectite clay, and mixtures thereof. In
another aspect, suitable dye clay conjugates include dye clay
conjugates selected from the group consisting of one cat-
ionic/basic dye selected from the group consisting of C.I.
Basic Yellow 1 through 108, C.I. Basic Orange 1 through 69,
C.I. Basic Red 1 through 118, C.I. Basic Violet 1 through 31,
C.I. Basic Blue 1 through 164, C.I. Basic Green 1 through
14, C.1. Basic Brown 1 through 23, CI Basic Black 1 through
11, and a clay selected from the group consisting of Mont-
morillonite clay, Hectorite clay, Saponite clay and mixtures
thereof. In still another aspect, suitable dye clay conjugates
include dye clay conjugates selected from the group con-
sisting of: Montmorillonite Basic Blue B7 C.1. 42595 con-
jugate, Montmorillonite Basic Blue B9 C.I. 52015 conju-
gate, Montmorillonite Basic Violet V3 C.1. 42555 conjugate,
Montmorillonite Basic Green G1 C.I. 42040 conjugate,
Montmorillonite Basic Red R1 C.1. 45160 conjugate, Mont-
morillonite C.I. Basic Black 2 conjugate, Hectorite Basic
Blue B7 C.1. 42595 conjugate, Hectorite Basic Blue B9 C.I.
52015 conjugate, Hectorite Basic Violet V3 C.I. 42535
conjugate, Hectorite Basic Green G1 C.I. 42040 conjugate,
Hectorite Basic Red R1 C.1. 45160 conjugate, Hectorite C.1.
Basic Black 2 conjugate, Saponite Basic Blue B7 C.1. 423595
conjugate, Saponite Basic Blue B9 C.I. 52015 conjugate,
Saponite Basic Violet V3 C.1. 425355 conjugate, Saponite
Basic Green G1 C.1. 42040 conjugate, Saponite Basic Red
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R1 C.I. 45160 conjugate, Saponite C.I. Basic Black 2
conjugate and mixtures thereof.

Suitable pigments include pigments selected from the
group consisting of flavanthrone, indanthrone, chlorinated
indanthrone containing from 1 to 4 chlorine atoms, pyran-

throne, dichloropyranthrone, monobromodichloropyran-
throne, dibromodichloropyranthrone, tetrabromopyran-
throne, perylene-3,4,9,10-tetracarboxylic acid dimide,

wherein the 1imide groups may be unsubstituted or substi-
tuted by C1-C3-alkyl or a phenyl or heterocyclic radical, and
wherein the phenyl and heterocyclic radicals may addition-
ally carry substituents which do not confer solubility 1n
water, anthrapyrimidinecarboxylic acid amides, violan-
throne, 1soviolanthrone, dioxazine pigments, copper phtha-
locyanine which may contain up to 2 chlorine atoms per
molecule, polychloro-copper phthalocyanine or polybro-
mochloro-copper phthalocyanine containing up to 14 bro-
mine atoms per molecule and mixtures thereof.

In another aspect, suitable pigments include pigments
selected from the group consisting of Ultramarine Blue (C.1.
Pigment Blue 29), Ultramarine Violet (C.I. Pigment Violet
15) and mixtures thereof.

The atorementioned fabric hueing agents can be used in
combination (any mixture of fabric hueing agents can be
used).

Encapsulates

The compositions may comprise an encapsulate. The
encapsulate may comprise a core, a shell having an inner and
outer surface, where the shell encapsulates the core.

The encapsulate may comprise a core and a shell, where
the core comprises a material selected from perfumes;
brighteners; dyes; insect repellants; silicones; waxes; fla-
vors; vitamins; fabric softening agents; skin care agents,
¢.g., parallins; enzymes; anti-bacterial agents; bleaches; sen-
sates; or mixtures thereof; and where the shell comprises a
material selected from polyethylenes; polyamides; polyvi-
nylalcohols, optionally containing other co-monomers;
polystyrenes; polyisoprenes; polycarbonates; polyesters;
polyacrylates; polyolefins; polysaccharides, e.g., alginate
and/or chitosan; gelatin; shellac; epoxy resins; vinyl poly-
mers; water insoluble inorganics; silicone; aminoplasts, or
mixtures thereof. When the shell comprises an aminoplast,
the aminoplast may comprise polyurea, polyurethane, and/or
polyureaurethane. The polyurea may comprise polyoxym-
cthyleneurea and/or melamine formaldehyde.

The encapsulate may comprise a core, and the core may
comprise a perfume. The encapsulate may comprise a shell,
and the shell may comprise melamine formaldehyde and/or
cross linked melamine formaldehyde. The encapsulate may
comprise a core comprising a perfume and a shell compris-
ing melamine formaldehyde and/or cross linked melamine
formaldehyde

Suitable encapsulates may comprise a core material and a
shell, where the shell at least partially surrounds the core
material. The core of the encapsulate comprises a matenal
selected from a perfume raw material and/or optionally
another material, e.g., vegetable o1l, esters of vegetable oils,
esters, straight or branched chain hydrocarbons, partially
hydrogenated terphenyls, dialkyl phthalates, alkyl biphe-
nyls, alkylated naphthalene, petroleum spirits, aromatic sol-
vents, silicone oils, or mixtures thereof.

The wall of the encapsulate may comprise a suitable resin,
such as the reaction product of an aldehyde and an amine.
Suitable aldehydes include formaldehyde. Suitable amines
include melamine, urea, benzoguanamine, glycoluril, or
mixtures thereof. Suitable melamines include methylol
melamine, methylated methylol melamine, imino melamine
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and mixtures thereof. Suitable ureas include, dimethylol
urea, methylated dimethylol urea, urea-resorcinol, or mix-
tures thereof.

Suitable formaldehyde scavengers may be employed with
the encapsulates, for example, 1n a capsule slurry and/or
added to a composition before, during, or after the encap-
sulates are added to such composition.

Suitable capsules can be purchased from Appleton Papers
Inc. of Appleton, Wis. USA.

Perfumes

Perfumes and perfumery ingredients may be used in the
detergent compositions described herein. Non-limiting
examples of perfume and perfumery ingredients include, but
are not limited to, aldehydes, ketones, esters, and the like.
Other examples include wvarious natural extracts and
essences which can comprise complex mixtures of mgredi-
ents, such as orange oil, lemon o1l, rose extract, lavender,
musk, patchouli, balsamic essence, sandalwood o1l, pine oil,
cedar, and the like. Finished perfumes can comprise
extremely complex mixtures of such ingredients. Finished
perfumes may be included at a concentration ranging from
about 0.01% to about 2% by weight of the detergent
composition.

Dye Transfer Inhibiting Agents

Fabric detergent compositions may also include one or
more materials effective for inhibiting the transfer of dyes
from one fabric to another during the cleaning process.
Generally, such dye transfer inhibiting agents may include
polyvinyl pyrrolidone polymers, polyamine N-oxide poly-
mers, copolymers of N-vinylpyrrolidone and N-vinylimida-
zole, manganese phthalocyanine, peroxidases, and mixtures
thereof. If used, these agents may be used at a concentration
of about 0.0001% to about 10%, by weight of the compo-
sition, 1n some examples, from about 0.01% to about 5%, by
weight of the composition, and 1 other examples, from
about 0.05% to about 2% by weight of the composition.

Chelating Agents

The detergent compositions described herein may also
contain one or more metal 10n chelating agents. Suitable
molecules include copper, 1ron and/or manganese chelating
agents and mixtures thereof. Such chelating agents can be
selected from the group consisting of phosphonates, amino
carboxylates, amino phosphonates, succinates, polytunc-
tionally-substituted aromatic chelating agents, 2-pyridinol-
N-oxide compounds, hydroxamic acids, carboxymethyl inu-
lins and mixtures thereol. Chelating agents can be present 1n
the acid or salt form 1ncluding alkali metal, ammonium, and
substituted ammonium salts thereof, and mixtures thereof.
Other suitable chelating agents for use herein are the com-
mercial DEQUEST series, and chelants from Monsanto,
Akzo-Nobel, DuPont, Dow, the Trilon® series from BASF
and Nalco.

The chelant may be present 1in the detergent compositions
disclosed herein at from about 0.005% to about 15% by
weight, about 0.01% to about 5% by weight, about 0.1% to
about 3.0% by weight, or from about 0.2% to about 0.7% by
weight, or from about 0.3% to about 0.6% by weight of the
detergent compositions disclosed herein.

Suds Suppressors

Compounds for reducing or suppressing the formation of
suds can be incorporated into the detergent compositions
described herein. Suds suppression can be of particular
importance in the so-called “high concentration cleaning
process” and 1n front-loading style washing machines. The
detergent compositions herein may comprise from 0.1% to
about 10%, by weight of the composition, of suds suppres-
SOF.
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Examples of suds supressors include monocarboxyvlic
fatty acid and soluble salts therein, high molecular weight
hydrocarbons such as parathn, fatty acid esters (e.g., fatty
acid triglycerides), fatty acid esters of monovalent alcohols,
aliphatic C,s-C,, ketones (e.g., stearone), N-alkylated
amino triazines, waxy hydrocarbons having a melting point
below about 100° C., silicone suds suppressors, and sec-
ondary alcohols.

Additional suitable antifoams are those derived from
phenylpropylmethyl substituted polysiloxanes.

The detergent composition may comprise a suds suppres-
sor selected from organomodified silicone polymers with
aryl or alkylaryl substituents combined with silicone resin
and a primary filler, which 1s modified silica. The detergent
compositions may comprise from about 0.001% to about
4.0%, by weight of the composition, of such a suds sup-
Pressor.

The detergent composition comprises a suds suppressor
selected from: a) mixtures of from about 80 to about 92%
cthylmethyl, methyl(2-phenylpropyl) siloxane; from about 5
to about 14% MQ resin 1n octyl stearate; and from about 3
to about 7% modified silica; b) mixtures of from about 78 to
about 92% ethylmethyl, methyl(2-phenylpropyl) siloxane;
from about 3 to about 10% MQ resin in octyl stearate; from
about 4 to about 12% modified silica; or ¢) mixtures thereof,
where the percentages are by weight of the anti-foam.

Water-Soluble Film

The compositions of the present invention may also be
encapsulated within a water-soluble film. Preferred film
materials are preferably polymeric materials. The film mate-
rial can, for example, be obtained by casting, blow-mould-
ing, extrusion or blown extrusion of the polymeric material,
as known 1n the art.

Preferred polymers, copolymers or derivatives thereof
suitable for use as pouch material are selected from poly-
vinyl alcohols, polyvinyl pyrrolidone, polyalkylene oxides,
acrylamide, acrylic acid, cellulose, cellulose ethers, cellu-
lose esters, cellulose amides, polyvinyl acetates, polycar-
boxylic acids and salts, polyaminoacids or peptides, poly-
amides, polyacrylamide, copolymers of maleic/acrylic
acids, polysaccharides including starch and gelatine, natural
gums such as xanthum and carragum. More pretferred poly-
mers are selected from polyacrylates and water-soluble
acrylate copolymers, methylcellulose, carboxymethylcellu-
lose sodium, dextrin, ethylcellulose, hydroxyethyl cellulose,
hydroxypropyl methylcellulose, maltodextrin, polymeth-
acrylates, and most preferably selected from polyvinyl alco-
hols, polyvinyl alcohol copolymers and hydroxypropyl
methyl cellulose (HPMC), and combinations thereof. Pret-
erably, the level of polymer in the pouch material, for
example a PVA polymer, 1s at least 60%. The polymer can
have any weight average molecular weight, preferably from
about 1000 to 1,000,000, more preferably from about 10,000
to 300,000 yet more preferably from about 20,000 to 150,
000. Mixtures of polymers can also be used as the pouch
material.

Naturally, different film material and/or films of different
thickness may be employed 1n making the compartments of
the present invention. A benefit 1n selecting different films 1s
that the resulting compartments may exhibit different solu-
bility or release characteristics.

Suitable film materials are PVA films known under the
MonoSol trade reference M8630, M8900, H8779 and PVA
films of corresponding solubility and deformability charac-
teristics.

The film material herein can also comprise one or more
additive ingredients. For example, it can be beneficial to add
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plasticisers, for example glycerol, ethylene glycol, diethyl-
eneglycol, propylene glycol, sorbitol and mixtures thereof.
Other additives include functional detergent additives to be
delivered to the wash water, for example organic polymeric
dispersants, etc.

The film 1s soluble or dispersible in water, and preferably
has a water-solubility of at least 50%, preferably at least
715% or even at least 95%, as measured by the method set out
here after using a glass-filter with a maximum pore size of
20 microns: 50 grams+0.1 gram of film material 1s added 1n
a pre-weighed 400 ml beaker and 245 ml*1 ml of distilled
water 1s added. This 1s stirred vigorously on a magnetic
stirrer set at 600 rpm, for 30 minutes. Then, the mixture 1s
filtered through a folded qualitative sintered-glass filter with
a pore size as defined above (max. 20 micron). The water 1s
dried ofl from the collected filtrate by any conventional
method, and the weight of the remaining maternial 1s deter-
mined (which 1s the dissolved or dispersed fraction). Then,
the percentage solubility or dispersability can be calculated.

The film may comprise an aversive agent, for example a
bittering agent. Suitable bittering agents include, but are not
limited to, naringin, sucrose octaacetate, quinine hydrochlo-
ride, denatonium benzoate, or mixtures thereof. Any suitable
level of aversive agent may be used in the film. Suitable
levels include, but are not limited to, 1 to 5000 ppm, or even
100 to 2500 ppm, or even 250 to 2000 rpm.

The film may comprise an area of print. The area of print
may cover the entire film or part thereof. The area of print
may comprise a single colour or maybe comprise multiple
colours, even three colours. The area of print may comprise
white, black and red colours. The area of print may comprise
pigments, dyes, bluing agents or mixtures thereof. The print
may be present as a layer on the surface of the film or may
at least partially penetrate 1nto the film.

Suds Boosters

If high sudsing 1s desired, suds boosters such as the
C,5-C, ¢ alkanolamides may be incorporated into the deter-
gent compositions at a concentration ranging from about 1%
to about 10% by weight of the detergent composition. Some
examples include the C,,-C,, monoethanol and diethanol
amides. If desired, water-soluble magnesium and/or calcium
salts such as Mg(Cl,, MgSO,, Ca(Cl,, CaSO,, and the like,
may be added at levels of about 0.1% to about 2% by weight
of the detergent composition, to provide additional suds and
to enhance grease removal performance.

Conditioning Agents

The composition of the present mnvention may include a
high melting point fatty compound. The high melting point
fatty compound useful herein has a melting point of 25° C.
or higher, and 1s selected from the group consisting of fatty
alcohols, fatty acids, fatty alcohol denivatives, fatty acid
derivatives, and mixtures thereof. Such compounds of low
melting point are not intended to be included 1n this section.
The high melting point fatty compound 1s included 1n the
composition at a level of from about 0.1% to about 40%, or
from about 1% to about 30%, or from about 1.5% to about
16% by weight of the composition, from about 1.5% to
about 8%.

The composition of the present invention may include a
nonionic polymer as a conditioning agent.

The compositions of the present invention may also
comprise from about 0.05% to about 3% of at least one
organic conditioming o1l as the conditioning agent, either
alone or 1n combination with other conditioning agents, such
as the fabric-softening silicones (described herein). Suitable
conditioning o1ls include hydrocarbon oils, polyolefins, and
fatty esters.
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Hygiene and Malodour

The compositions of the present invention may also
comprise one or more of zinc ricinoleate, thymol, quaternary
ammonium salts such as Bardac®, polyethylenimines (such
as Lupasol® from BASF) and zinc complexes thereof, silver
and silver compounds, especially those designed to slowly
release Ag*or nano-silver dispersions.

Bufler System

The detergent compositions described herein may be
tformulated such that, during use in aqueous cleaning opera-
tions, the wash water will have a pH of between about 7.0
and about 12, and 1n some examples, between about 7.0 and
about 11. Techniques for controlling pH at recommended
usage levels include the use of butlers, alkalis, or acids, and
are well known to those skilled in the art. These include, but
are not limited to, the use of sodium carbonate, citric acid or
sodium citrate, lactic acid or lactate, monoethanol amine or
other amines, boric acid or borates, and other pH-adjusting
compounds well known 1n the art.

The detergent compositions herein may comprise
dynamic in-wash pH profiles. Such detergent compositions
may use wax-covered citric acid particles 1 conjunction
with other pH control agents such that (1) about 3 minutes
alter contact with water, the pH of the wash liquor 1s greater
than 10; (1) about 10 minutes after contact with water, the
pH of the wash liquor 1s less than 9.5; (111) about 20 minutes
alter contact with water, the pH of the wash liquor 1s less
than 9.0; and (1v) optionally, wherein, the equilibrium pH of
the wash liquor 1s 1n the range of from about 7.0 to about 8.5.
Catalytic Metal Complexes

The detergent compositions may include catalytic metal
complexes. One type of metal-containing bleach catalyst 1s
a catalyst system comprising a transition metal cation of
defined bleach catalytic activity, such as copper, 1ron, tita-
nium, ruthenium, tungsten, molybdenum, or manganese
cations, an auxiliary metal cation having little or no bleach
catalytic activity, such as zinc or aluminum cations, and a
sequestrate having defined stability constants for the cata-
lytic and auxiliary metal cations, particularly ethylenedi-
aminetetraacetic acid, ethylenediaminetetra(methylenephos-
phonic acid) and water-soluble salts thereof.

Other Adjunct Ingredients

A wide variety of other ingredients may be used in the
detergent compositions herein, including other active ingre-
dients, carriers, hydrotropes, processing aids, dyes or pig-
ments, solvents for liquid formulations, and solid or other
liquad fillers, erythrosine, colliodal silica, waxes, probiotics,
surfactin, aminocellulosic polymers, Zinc Ricinoleate, per-
fume microcapsules, rhamnolipids, sophorolipids, glyco-
peptides, methyl ester sulfonates, methyl ester ethoxylates,
sulfonated estolides, cleavable surfactants, biopolymers,
silicones, modified silicones, aminosilicones, deposition
aids, locust bean gum, cationic hydroxyethylcellulose poly-
mers, cationic guars, hydrotropes (especially cumenesul-
fonate salts, toluenesulionate salts, xylenesulfonate salts,
and naphalene salts), antioxidants, BHT, PVA partlcle -¢1-
capsulated dyes or perfumes, pearlescent agents, eflerves-
cent agents, color change systems, silicone polyurethanes,
opacifiers, tablet disintegrants, biomass fillers, fast-dry sili-
cones, glycol distearate, hydroxyethylcellulose polymers,
hydrophobically modified cellulose polymers or hydroxy-
cthylcellulose polymers, starch perfume encapsulates, emul-
sified oils, bisphenol antioxidants, microfibrous cellulose
structurants, properfumes, styrene/acrylate polymers, triaz-
ines, soaps, superoxide dismutase, benzophenone protease
inhibitors, functionalized 1102, dibutyl phosphate, silica
perfume capsules, and other adjunct ingredients, silicate
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salts (e.g., sodium silicate, potassium silicate), choline oxi-
dase, pectate lyase, mica, titanium dioxide coated mica,
bismuth oxychloride, and other actives.

The detergent compositions described herein may also
contain vitamins and amino acids such as: water soluble
vitamins and their derivatives, water soluble amino acids
and their salts and/or derivatives, water insoluble amino
acids wviscosity modifiers, dyes, nonvolatile solvents or
diluents (water soluble and insoluble), pearlescent aids,
foam boosters, additional surfactants or nonionic cosurtfac-
tants, pediculocides, pH adjusting agents, perfumes, preser-
vatives, chelants, proteins, skin active agents, sunscreens,
UV absorbers, vitamins, niacinamide, cafleine, and minoxi-
dil.

The detergent compositions of the present invention may
also contain pigment materials such as nitroso, monoazo,
disazo, carotenoid, trlphenyl methane, triaryl methane Xan-
thene, quinoline, oxazine, azine, anthraquinone, indigoid,
thionindigoid, quinacridone, phthalociamine, botanical, and
natural colors, including water soluble components such as
those having C.I. Names. The detergent compositions of the
present invention may also contain antimicrobial agents.
Processes of Making Detergent Compositions

The detergent compositions of the present invention can
be formulated 1into any suitable form and prepared by any
process chosen by the formulator.

Methods of Use

The present invention includes methods for cleaning
soilled matenal. As will be appreciated by one skilled 1n the
art, the detergent compositions of the present invention are
suited for use 1n laundry pretreatment applications, laundry
cleaning applications, and home care applications.

Such methods 1nclude, but are not limited to, the steps of
contacting detergent compositions in neat form or diluted 1n
wash liquor, with at least a portion of a soiled material and
then optionally rinsing the soiled material. The soiled mate-
rial may be subjected to a washing step prior to the optional
rinsing step.

For use 1n laundry pretreatment applications, the method
may include contacting the detergent compositions
described herein with soiled fabric. Following pretreatment,
the soiled fabric may be laundered in a washing machine or
otherwise rinsed.

Machine laundry methods may comprise treating soiled
laundry with an aqueous wash solution 1 a washing
machine having dissolved or dispensed therein an effective
amount ol a machine laundry detergent composition 1n
accord with the mmvention. An “eflective amount” of the
detergent composition means ifrom about 20 g to about 300
g of product dissolved or dispersed 1in a wash solution of
volume from about 5 L to about 65 L. The water tempera-
tures may range from about 5° C. to about 100° C. The water
to soiled material (e.g., fabric) ratio may be from about 1:1
to about 30:1. The compositions may be employed at
concentrations of from about 500 ppm to about 15,000 ppm
in solution. In the context of a fabric laundry composition,
usage levels may also vary depending not only on the type
and severity of the soils and stains, but also on the wash
water temperature, the volume of wash water, and the type
of washing machine (e.g., top-loading, front-loading, top-
loading, vertical-axis Japanese-type automatic washing
machine).

The detergent compositions herein may be used for laun-
dering of fabrics at reduced wash temperatures. These
methods of laundering fabric comprise the steps of deliver-
ing a laundry detergent composition to water to form a wash
liquor and adding a laundering fabric to said wash liquor,
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wherein the wash liquor has a temperature of from about 0°
C. to about 20° C., or from about 0° C. to about 15° C., or
from about 0° C. to about 9° C. The fabric may be contacted
to the water prior to, or after, or simultaneous with, con-
tacting the laundry detergent composition with water.

Another method includes contacting a nonwoven sub-
strate, which 1s impregnated with the detergent composition,
with a soiled material. As used herein, “nonwoven substrate™
can comprise any conventionally fashioned nonwoven sheet
or web having suitable basis weight, caliper (thickness),
absorbency, and strength characteristics. Non-limiting
examples of suitable commercially available nonwoven sub-
strates 1nclude those marketed under the tradenames SON-

TARA® by DuPont and POLY WEB® by James River Corp.

Hand washing/soak methods, and combined handwashing,
with semi-automatic washing machines, are also included.

Machine Dishwashing Methods

Methods for machine-dishwashing or hand dishwashing
solled dishes, tableware, silverware, or other kitchenware,
are mcluded. One method for machine dishwashing com-
prises treating soiled dishes, tableware, silverware, or other
kitchenware with an aqueous liquid having dissolved or
dispensed therein an eflective amount of a machine dish-
washing composition 1n accord with the invention. By an
cllective amount of the machine dishwashing composition 1t
1s meant from about 8 g to about 60 g of product dissolved

or dispersed 1n a wash solution of volume from about 3 L to
about 10 L.

One method for hand dishwashing comprises dissolution
of the detergent composition into a receptacle containing
water, followed by contacting soiled dishes, tableware,
silverware, or other kitchenware with the dishwashing
liquor, then hand scrubbing, wiping, or rinsing the soiled
dishes, tableware, silverware, or other kitchenware. Another
method for hand dishwashing comprises direct application
of the detergent composition onto soiled dishes, tableware,
silverware, or other kitchenware, then hand scrubbing, wip-
ing, or rinsing the soiled dishes, tableware, silverware, or

other kitchenware. In some examples, an eflective amount of

detergent composition for hand dishwashing 1s from about
0.5 ml. to about 20 ml. diluted 1n water.

Packaging for the Compositions

The detergent compositions described herein can be pack-
aged 1n any suitable container including those constructed
from paper, cardboard, plastic materials, and any suitable
laminates.

Multi-Compartment Pouch Additive

The detergent compositions described herein may also be
packaged as a multi-compartment detergent composition.

EXAMPLES

Experimental Methods

Dynamic Interfacial Tension Analysis

Dynamic Interfacial Tension analysis 1s performed on a
Kriss® DVT30 Drop Volume Tensiometer (Kriiss USA,
Charlotte, N.C.). The mstrument 1s configured to measure
the interfacial tension of an ascending o1l drop in aqueous
surfactant (surfactant) phase. The o1l used 1s canola o1l
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(Crisco Pure Canola Oi1l manufactured by The 1. M.
Smucker Company). The aqueous surfactant and o1l phases
are temperature controlled at 22° C. (+/-1° C.), via a
recirculating water temperature controller attached to the
tensiometer. A dynamic interfacial tension curve 1s gener-
ated by dispensing the o1l drops into the aqueous surfactant
phase from an ascending capillary with an internal diameter
of 0.2540 mm, over a range of flow rates and measuring the
interfacial tension at each tlow rate. Data 1s generated at o1l
dispensing tlow rates of 500 ulL/min to 1 ulL/min with 2 tlow
rates per decade on a logarithmic scale (7 flow rates mea-
sured 1n this mstance). Interfacial tension i1s measured on
three o1l drops per flow rate and then averaged. Interfacial
tension 1s reported in units of mN/m. Surface age of the o1l
drops at each tlow rate 1s also recorded and plots may be
generated either of interfacial tension (y-axis) versus oil
flow rate (x-axis) or interfacial tension (y-axis) versus oil
drop surface age (x-axis). Minmmum interfacial tension (mN/
m) 1s the lowest interfacial tension at the slowest flow rate,
with lower numbers indicating improved performance.
Based on mstrument reproducibility, differences greater than

0.1 mN/m are significant for interfacial tension values of less
than 1 mM/m.

Example 11

Dynamic O1l-Water Interfacial Tension of 2-Alkyl
Branched Alkyl Sulfates

To demonstrate the benefits of the 2-alkyl branched alkyl
sulfates of the present invention, as compared to 2-alkyl
branched alkyl sulfates derived from commercially available
ISALCHEM® 145 and ISALCHEM® 167, Dynamic Oil-

water Interfacial Tension (DIFT) analysis 1s performed.

Samples containing 150 ppm of 2-alkyl branched alkyl
sulfate surfactant in water with a hardness (3:1 Ca:Mg) of 7
grains per gallon (gpg) and at pH 8.2-8.5 at 22° C. are
prepared. Each sample 1s analyzed as described above.
Density settings for 22° C. are set at 0.917 g/ml for Canola
Oi1l and 0.998 g/ml for aqueous surfactant phase. The density
of the aqueous surfactant phase 1s assumed to be the same as
water since 1t 1s a dilute solution. 1.50 mL of 1% (wt/wt)

surfactant solution in deionized water 1s added to a 100 ml
volumetric flask to which 3.5 ml of deionized water 1s
added and the volumetric tlask 1s then filled to the mark with

a hardness solution of 7.37 gpg water, (3:1 CaCl2:MgCI2
solution) and mixed well. The solution 1s transierred to a
beaker and the pH i1s adjusted to 8.2-8.5 by adding a few
drops of 0.1N NaOH or 0.1N H,SO4. The solution 1s then
loaded 1nto the tensiometer measurement cell and analyzed.
The total time from mixing the surfactant solution with the
hardness solution to the start of analysis 1s five minutes.

The following 2-alkyl branched alkyl sulfate surfactants
are analyzed via DIFT measurements at 150 ppm surfactant.
Analysis conditions are i water of 7 gpg Calcium/Magne-

sium water hardness level (3:1 Calcium:Magnesium), at 22°
C., and adjusted to pH 8.2-8.5. Table 7 shows the chain

length distributions of the 2-alkyl branched alkyl sulfate
surfactants. These chain length distributions are calculated
based on the GC MSD/FID area percentages and adjusted
for the molecular weights of the sulfated surfactants.
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TABLE 6
% % % %
Cl14, C15, C16, C17, Min IFT Min IFT  Min IFT
2-alkyl branched m + m + m + m + (mN/m), (mN/m), (mN/m),

alkyl sulfate sample n=10 n=11 n=12 n=13 99 ul/mmn 10 ul/mmm 1 ul/min

ISALCHEM ® 58.2 40.4 1.3 — 6.1 1.82 0.58
145 2-alkyl

alkanol sulfate

Sample 1: 0 08%.1 1.9 0 4.25 1.02 0.42

C15-rich 2-alkyl

alkanol Sulfate

(from Example 3)

Sample 2: 31.7 61.3 6.7 0.3 5.29 1.39 0.47
C14/15/16

2-alkyl alkanol

Sulfate

Sample 3: 25.3 60.2 14.5 0 4.83 1.18 0.42
C14/15/16

2-alkyl alkanol

Sulfate

(from Example 6)

Sample 4: 0.3 59.7 40.0 0 4.41 0.97 0.34
C15/16 2-alkyl

alkanol Sulfate

(from Example 7)

Sample 5: 0.0 59.6 30.0 10.4 5.13 1.05 0.37
C15/16/17

2-alkyl alkanol

Sulfate

(from Example 9A)

Sample 6: 0.0 60.2 27.5 12.3 5.71 1.13 0.36
C15/16/17

2-alkyl alkanol

Sulfate

(from Example 9B)

Sample 7: 0.0 60.2 26.0 13.9 5.21 1.14 0.3%8
C15/16/17

2-alkyl alkanol

Sulfate

(from Example 9C)

Sample 8: 0.0 55.1 30.0 14.9 5.74 1.34 0.3%
C15/16/17

2-alkyl alkanol

Sulfate

(from Example 9D)

ISALCHEM ® 0 7.5 59.4 33.1 7.78 2.03 0.89
167 2-alkyl

alkanol sulfate

Based on instrument reproducibility, differences greater tant formulations are analyzed at the concentrations (ppm)
than 0.1 mN/m are significant tor interfacial tension values ,. listed. Analysis conditions are in water of 6 gpg Calcium/
of less than 1 mN/m. Magnesium water hardness level (3:1 Calctum:Magnesium),

The results show that 2-alkyl branched alkyl sulfate at 21.1° C. and adjusted to pH 8.3-8.5.
compositions containing greater than about 50% C15, such

as Samples 1-8, have lower minimum interfacial tensions at TABLE 7
99 ul/min, 10 ul/min, and 1 ul./min compared to 2-alkyl s5q |
branched alkyl sulfates derived from ISALCHEM® 145 and Wg:hnéeil;tt‘?jm Wash%ifzitmns
ISALCHEM® 167.
Ingredient, ppm la 1b 2a 2b 3a 3b
Example 12
55 ISALCHEM ® 450 0 100 0 123 0
Dynamic O1l-Water Interfacial Tension of 2-Alkyl iﬁ;ﬁliﬁche q 0 450 . (00 0 123
Branched Alkyl Sulfates in Formulation alkyl sulfate of
Example 11,
To demonstrate the benefits of the 2-alkyl branched alkyl Sample 3
sulfates of the present invention in formulation, as compared 60 AES. 130 180 10 105 765 76,5
to 2-alkyl branched alkyl sulfates derived from ISAL- th-ﬁ a‘(ﬂl‘:};)
CHEM® 145 and ISALCHEM® 167 in formulation, — _ "
Dynamic Oil-water Interfacial Tension (DIFT) analysis 1s LAS, C11.8 130 1130 75 55 411 411
performed. AF, 100 100 1.2 1.2 1.2 1.2
The method used 1n Example 12 1s the same as the method 65 ¢,,_,, alkyl
used in Example 11, unless noted otherwise. The following, ethoxy (7)

formulations are analyzed via DIFT measurements. Surfac-
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TABLE 7-continued

Dilute
Wash Conditions

Concentrated
Wash Conditions

Ingredient, ppm la 1b 2a 2b 3a 3b

Grease Cleaning 25 25 10.7 10.7 6.5 6.5
Alkoxylated

Poly-

alkyleneimine

Polymer

Total Surfactant 860 860 231 231 242 242

minlFT (mN/m), 0.91 0.71 0.92 0.74 0.70 0.58
1 ul./min

Based on instrument reproducibility, diflerences greater
than 0.1 mN/m are significant for interfacial tension values
of less than 1 mN/m.

The results show that in both concentrated and dilute
wash conditions, surfactant formulations contaimng a
2-alkyl branched alkyl sulfate composition of Example 11,
Sample 3 has a lower mimmum interfacial tension than an

equivalent formulation that contains a 2-alkyl branched
alkyl sulfate derived from ISALCHEM® 145.

Example 13
Grease Removal at Concentrated Wash Conditions

The following laundry detergent compositions are pre-
pared by traditional means known to those of ordinary skall
in the art by mixing the listed ingredients. Composition A 1s
a laundry detergent that contains a 2-alkyl branched alkyl
sulfate composition of Example 11, Sample 3. Composition
B 1s a detergent that includes a 2-alkyl branched alkyl sulfate
derived from ISALCHEM® 145. The table below lists the

parts per million (ppm) of each component that 1s delivered
through the wash.

TABLE 8

Component, ppm Composition A Composition B

ISALCHEM ® 145 Sulfate 415 0
2-alkyl branched alkyl sulfate 0 415
of Example 11, Sample 3

AES, Cy5_(5 alkyl ethoxy (1.8) 155 155
sulfate

LAS CI1.8 213 213
AL, C5_ 4 alkyl ethoxy (7) 40 40
AE, C,, 5 alkyl ethoxy (7) 80 80
Citric Acid 182 182
C>_ig Fatty Acid 42 42
PEG-PVAc Polymer 41 41
Zwitterionic ethoxylated 31 31

quaternized sulfated
hexamethylene diamine

Chelant 23 23
Fluorescent Brightener 4.3 4.3
Protease 1.1 1.1
Amylase 0.20 0.20
Mannanase 0.4% 0.48
Xyloglucanase 0.48 0.48
Pectawash ® 0.48 0.4%
Sodium Hydroxide 234 234
1,2-Propanediol 136 136
Cumene Sulfonate 22 22
Monoethanolamine 21 21
Calcium Chloride 0.6 0.6
Ethanol 45 45
Acticide MBS 2550 0.4 0.4
Silicone Suds Suppressor 8.0 8.0
Sodium Formate 12 12
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TABLE 8-continued

Component, ppm Composition A Composition B

Hydrogenated castor oil 13 13
derivative structurant

Total Surfactant 903 903

All enzyme levels are expressed as % active enzyme 1n this
example.

Technical stain swatches of white cotton CW120 contain-
ing burnt beelf and burnt butter and blue cotton CW99
containing bacon grease and lard are purchased from War-
wick Equest (Consett, UK). The stained swatches are
washed 1n conventional western European washing
machines (Miele® W3622) in a load containing 1.5 kg
ballast (300 g each of knitted cotton, flat cotton, polycotton,
terry cotton, polyester), using 15 grains per gallon hardness
(3:1 Ca:Mg), a 13 L fill volume, selecting the Automatic
Cycle, 1200 rpm, 1:15 hr with a wash temperature of 15° C.
Approximately 70 g of each of the respective detergent
compositions 1s dosed, such that the ppm delivered through
the wash are as reported 1n Table 3. Fabrics are then machine
dried (Kenmore 80 series electric tumble dryer) for 43-50
minutes on the Cotton-High Setting. A similar experiment 1s
performed selecting the Automatic Cycle, 1200 rpm, 1:15 hr
at 40° C. (all conditions are the same as above, except the
temperature 1s 40° C.).

Image analysis 1s used to compare each stain to an
unstained fabric control. Software converts images taken
into standard colornmetric values and compares these to
standards based on the commonly used Macbeth Colour
Rendition Chart, assigning each stain a colorimetric value
(Stain Level). Eight replicates of each are prepared.

Stain removal from the swatches 1s measured as follows:

Stain Removal Index

AEEHEIEG! — Enﬂjhfd
SR = x 100
KD AE itial

AFE; 01 = Stain level before washing

Eashed = Stain level after washing

Stain removal index scores for each stain are calculated and
are listed in the table below:

TABLE 9
15 C. 15 gpg

2-alkyl branched
ISALCHEM ® alkyl sulfate of

145 Sulfate Example 11,

Stain (Reference), SRI Sample 3, A SRI LSD
Bacon Grease (blue fabric) 54.7 +6.4 4.3
Burnt Beef 60.3 +6.6 4.8
Burnt Butter 81.9 +3.0 3.0
Lard (blue fabric) 51.9 +4.6 3.7
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TABLE 10 that the 2-alkyl branched alkyl sultate of Example 11,
Sample 3 provides stain removal benefits across a wide

(Ll

40 C.. 15 gpg variety of greasy stains, as compared to a 2-alkyl branched
alkyl sulfate derived from ISALCHEM® 145 (Reference) at
2-alkyl branched . .
ISALCHEM ®  alkyl sulfate of 5 both 40° C. and 15° C.
145 Sulfate Example 11,

Stain (Reference), SRI  Sample 3, A SRI LSD '3xample 14-20
Bacon Grease (blue fabric) 54.3 +6.8 2.9
Burnt Beef 64.1 +4.3 4.8 .
Burnt Butter R0.8 £2.3 40 10 Formulation Examples
Lard (blue fabric) 47.3 +7.9 5.1

Example 14

A SRIs that exceed the error (Fisher’s LSD) are statistically

significant at a 95% confidence interval. The results show Granular Laundry Detergent Compositions

TABLE 11

A B C D E Iy
Ingredient (wt %) (wt %) (wt %) (wt %) (wt %) (wt %)
2-alkyl branched alkyl 1 2 0.5 5 1 10
sulfate of Invention
LAS 20 8 20 15 19.5 2
C5 14 Dimethyl- 4 0.2 1 0.6 0.0 0
hydroxyethyl
ammonium chloride
ALES 0.9 1 0.9 0.0 4 0.9
AE 0.0 0.0 0.0 1 0.1 4
Sodium tripolyphosphate 5 0.0 4 9 2 0.0
Zeolite A 0.0 1 0.0 1 4 1
1.6R Silicate (810,:Na,O 10 5 2 3 3 5
at ratio 1.6:1)
Sodium carbonate 25 20 25 15 138 30
TAED 0 3.2 2 4 1 0
NOBS 0 0 2 0 1 0
Percarbonate 0 14.1 15 20 10 0
Acrylate Polymer 1 0.6 4 1 1.5 1
PEG-PVAc Polymer 0.1 0.2 0.0 4 0.05 0.0
Carboxymethyl cellulose 1 0.3 1 1 1 2
Stainzyme ® 0.1 0.2 0.1 0.2 0.0 0.1
(20 mg active/g)
Protease (Savinase ®, 0.1 0.1 0.1 0.1 0.4 0.1
32.89 mg active/g)
Amylase-Natalase ® 0.2 0.0 0.1 0.0 0.1 0.1
(8.65 mg active/g)
Lipase-Lipex ® 0.03 0.07 0.3 0.1 0.0 1.0
(18 mg active/g)
Fluorescent Brightener 0.06 0.0 0.18 0.4 0.1 0.06
Chelant 0.6 2 0.6 0 0.6 0.6
MgSO, 0.3 1 1 0.5 1 1
Sulphonated zinc 0.1 0.0 0.0012 0.01 0.0021 0.0
phthalocyanine
Hueing Agent 0.0 0.0 0.0003 0.001 0.01 0.1

Sulfate/Water &

Miscellaneous

Balance
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All enzyme levels are expressed as % enzyme raw mate-
rial.

Example 15

5
Granular Laundry Detergent Compositions
TABLE 12
G H I J
Ingredient (wt %0) (wt %) (wt %0) (wt %)
2-alkyl branched alkyl sulfate 1 2 0.5 10
of Invention
LAS 8 7.1 5 1
ALES 0 4.8 1.0 3
AS 1 0 1 0
AL 2.2 0 2.2 0
C,4.1> Dimethyl 0.5 1 4 1
hydroxyethylammonium
chloride
Crystalline layered silicate 4 0 5 0
(0-Na,S1,05)
TAED 0 3.2 2 1
NOBS 0 0 2 0
Percarbonate 0 14.1 15 10
Zeolite A 5 0 5 0
Citric Acid 3 5 3 4
Sodium Carbonate 5 20 14 20
Silicate 2R (810,:Na,O 0.08 0 1 0
at ratio 2:1)
Soil release agent 2 0.72 0.71 0.72
Acrylate Polymer 1.1 3.7 1.0 3.7
Carboxymethylcellulose 0.15 1.4 0.2 2
Protease-Purafect ® 0.2 0.2 0.4 0.15
(84 mg active/g)
Amylase-Stainzyme Plus ® 0.2 0.15 0.2 0.3
(20 mg active/g)
Lipase-Lipex ® 0.05 0.15 0.1 0
(18.00 mg active/g)
Amylase-Natalase ® 0.1 0.2 0 0
(8.65 mg active/g)
Cellulase-Celluclean ™ 0 0 0 0
(15.6 mg active/g)
Chelant 0.2 0.5 2 0.2
MgSO, 0.42 0.42 0.42 0.42
Perfume 0.1 0.6 0.5 0.6
Suds suppressor agglomerate 0.05 0.1 0 0.1
Soap 0.45 0.45 0.45 1
Sulphonated zinc 0.0007 0.0012 0.0007 0.1
phthalocyanine
Hueing Agent 0 0.03 0.0001 0.0001
Sulfate/Water & Balance
Miscellaneous
All enzyme levels are expressed as % enzyme raw material.
Example 16
50
Heavy Duty Liquid Laundry Detergent
Compositions
TABLE 13
N O P Q R
(wt %) (wt %) (wt%) (wt%) (wt %)
2-alkyl branched alkyl sulfate 2 6 10 5 2
of Invention
AES 15 10 4 5 1
LAS 1.4 4 2 1.5 8
HSAS 2 0 0 0 0
AL 0.4 0.6 0.3 1.5 4
Lauryl Trimethyl Ammonium 0 1 0.5 0 0.25

Chlonde

K

1

O OO b

10

10

2.5

23
10

2.0
0.08

0.15

0.15
0.1

0.2
0.4
0.6
0.06
0

(wt %)

0.001

(wt %)

S

20

o T R e T =

L M
(wt %) (wt %)
2 5
7.5 2.0
4 0
0 0
0 6.5
0 0
0 0
0 0
0 0
0 0
2 0.5
3 2.5
0 23
0 0
0 0
3.8 4
0.5 0.5
0.13 0.13
0.15 0.15
0 0
0.15 0.15
0.1 0.2
0.4 0.2
0.4 0.4
0.6 1.0
0.05 0.05
0 0
0 0
0 0.1
T
(wt %)
15
15
4
0
6
0

46
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4 13-continued

C 5 14 dimethyl Amine Oxide
Sodium formate

Calcium formate

Calcium Chloride
Monoethanolamine
Diethylene glycol

Chelant

Citric Acid

C,-_ ¢ Fatty Acid
4-tormyl-phenylboronic acid
Borax

Ethanol

Ethoxylated Polyethylenimine
Zwitterionic ethoxylated
quaternized sulfated
hexamethylene diamine
PEG-PVAc Polymer

Grease Cleaning Alkoxylated
Polyalkylenimine Polymer
1,2-Propanediol

Cumene sulphonate
Fluorescent Brightener
Hydrogenated castor oil
derivative structurant
Perfume

Core Shell Melamine-
formaldehyde encapsulate of
perfume

Protease (40.6 mg active/g)
Mannanase: Mannaway ®
(25 mg active/g)

Amylase: Stainzyme ®

(15 mg active/g)

Amylase: Natalase ®

(29 mg active/g)
Xyloglucanase (Whitezyme ®,
20 mg active/g)

Lipex ® (18 mg active/g)
*Water, dyes & minors

TABL
N O
(wt %) (wt %)
0.3 2
1.6 0.09
0 0
0.01 0.08
1.4 1.0
5.5 0.0
0.15 0.15
2.5 3.96
0.8 3.5
0 0
1.43 2.1
1.54 2
0 1.4
2.1 0
0.1 0.2
1 2
0.0 6.6
0.0 0.0
0.2 0.1
0.1 0
1.6 1.1
0.5 0.05
0.8 0.6
0.07 0.05
0.3 0
0 0.6
0.2 0.1
0.4 0.2

*Based on total cleaming and/or treatment composition weight

All enzyme levels are expressed as % enzyme raw material.

Example 17

Heavy Duty Liquid Laundry Detergent

2-alkyl branched alkyl
sulfate of Invention
AES

LAS

AE

C 5 14 dimethyl Amine
Ox1de

Sodium formate
Calcium formate
Calcium Chloride
Monoethanolamine
Diethylene glycol
Chelant

Citric Acid

C 5 g Fatty Acid
4-formyl-phenylboronic
acid

Borax

Ethanol

Ethoxylated

Polyethylenimine

Compositions
U V
(wt %) (wt %)
5 9.5
1.2 1.2
5 5.8
6.3 2.8

0 0
1.6 0.09
0 0
0.01 0.08
1.4 1.0
5.5 0.0
0.15 0.15
2.0 3.96
0.76 2.6
0 0
1.43 2.1
1.54 2

0 0

W

(wt %0)

5

1.2
5

0.3
0.8

1.2
0

0
4.0
4.1
0.11
1.88
2.6

1.1
1.15
0

P Q R S
(wt %) (wt %) (wt %) (wt %)
0.23 0.37 0 0
1.2 0 1.6 0
0 0.04 0 0.13
0 0 0 0
4.0 0.5 0 0
4.1 0.0 0.7 0
0.11 0.07 0.5 0.11
1.88 1.98 0.9 2.5
0.6 0.99 1.2 0
0 0 0.1 0.02
1.1 0.75 0 1.07
1.15 0.89 0 3
0 2.5 0 0
0.7 1.6 0.3 1.6
0.0 4 0.05 0.0
0 0 1.5 0
0.0 3.3 0.5 2
0.5 1 2 0
0.05 0.3 0.15 0.3
0.4 0 0 0
1.0 0.1 0.9 1.5
0.00 0.02 0.1 0.05
0.7 0.9 0.7 0.2
0 0.06 0.04 0.045
0.3 0.1 0 0.6
0.1 0.15 0.07 0
0 0 0.05 0.05
0.3 0.1 0.2 0
Balance
40
TABLE 14
X Y Z AA
(wt %) (wt%) (wt %) (wt %)
5 5 5 5
1.2 1.2 1.2 1.2
5 5 5 5
6.3 6.3 6.3 6.3
0 0 0 0
0 1.6 0 0.2
0.04 0 0.13 0
0 0 0 0
0.5 0 0 To pH 8.2
0.0 0.7 0 0
0.07 0.5 0.11 0.8
1.98 0.9 2.5 0.6
2.6 2.6 2.6 2.6
0 0.1 0.02 0.01
0.75 0 1.07 0
0.89 0 3 7
0 2 0 0

T

(wt %)

0
0.2
0
0

To pH R8.2

0

0.8

0.6
15.0

0.01

0
7
0.8
0

8.0

0.2
0.1

1.6

0.1

1.5

0.1

0.1

0.1

0.2

AB

(wt %0)

5

1.2
5
0.3
0

0.2

0

0.8
0.6
2.0
0.01

|

AC
(wt %)

17

= OO ND

1.6

0.01
2.3
3.5
0.15
2.5
1.1
0

0.8
1.8
2.0

48

AD
(wt %)

5.5

11
5.5
0
0.9

0.1
0
0.01
2.3
2.5
0.7
2.7
1.1
0

1.6
1.8
2.0
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TABLE 14-continued
U \% W X Y Z AA AB AC AD
(wt %) (wt %) (wt %) (wt%) (wt%) (wt %) (wt %) (wt %) (wt %) (wt %)
Zwitterionic 0.6 0.6 0.6 0.6 0.6 0.6 1.2 0.6 0.6 0.6
ethoxylated quaternized
sulfated hexamethylene
diamine
PEG-PVAc Polymer 1.1 1.1 1.1 2.2 1.1 1.1 1.1 1.1 1.1 0
Grease Cleaning 0 0 0 0 0 2 0 0 2.0 2.0
Alkoxylated
Polyalkylenimine
Polymer
1,2-Propanediol 0.0 6.6 0.0 3.3 0.5 2 8.0 8.0 2.6 2.6
Cumene sulphonate 0.0 0.0 0.5 1 2 0 0 0 0.6 0.6
Fluorescent Brightener 0.2 0.1 0.05 0.3 0.15 0.3 0.2 0.2 0.2 0.2
Hydrogenated castor oil 0.1 0 0.4 0 0 0 0.1 0.1 0 0
derivative structurant
Perfume 1.6 1.1 1.0 0.1 0.9 1.5 1.6 1.6 1.6 1.6
Core Shell Melamine- 0.5 0.05 0.00 0.02 0.1 0.05 0.1 0.1 0 0
formaldehyde
encapsulate of perfume
Protease 0.8 0.6 0.7 0.9 0.7 0.2 1.5 1.5 0.8 0.8
(40.6 mg active/g)
Mannanase: 0.07 0.05 0 0.06 0.04 0.045 0.1 0.1 0.07 0.07
Mannaway ®
(25 mg active/g)
Amylase: Stainzyme ® 0.3 0 0.3 0.1 0 0.6 0.1 0.1 0.3 0.3
(15 mg active/g)
Amylase: Natalase ® 0 0.6 0.1 0.15 0.07 0 0.1 0.1 0 0
(29 mg active/g)
Xyloglucanase 0.2 0.1 0 0 0.05 0.05 0.2 0.2 0.2 0.2
(Whitezyme ®,
20 mg active/g)
Lipex ® 0.4 0.2 0.3 0.1 0.2 0 0 0 0.4 0
(18 mg active/g)
FExSuds Suppressor 0.21 0 0.21 0 0 0 0 0 0 0
Hueing Agent 0 0 0 0 0 0 0 0.05 0.05 0
*Water, dyes & minors Balance
. 335
Example 18 TABLE 15-continued
Unit Dose Compositions—Unit dose laundry detergent Ingredient AR AR AG AH Al
formulations of the present invention are provided below. Glycerol 120 50 6.1 6.1 61
Such unit dose formulations can comprise one or multiple ,, Monoethanolamine 0.8 80 8.0 8.0 0.8
compartments. 11PA | —  — 20 —
Triethanolamine — 2.0 — — —
_ Sodium Cumene sulphonate — — — — 2.0
TABLE 15 Cyclohexyl dimethanol — — — 2.0 —
Water 12 10 10 10 10
Ingredient AE  AF AG AH Al Structurant 0.1 014 014 0.1 0.14
4 Perfume 02 19 1 1.9 1.9
2-alkyl branched alkyl 15 2 5 5 10 Hueing Agent 0 0.1 0.001 00001 0
sulfate of Invention Buffers (monoethanolamine) To pH 8.0
LAS S 18 9.3 14.5 7.3 Solvents (1,2 propanediol, To 100%
AES 8 16 9.5 7.5 10 ethanol)
AL 13 3 16 2 13
Citric Acid 1 0.6 0.6 1.56 0.6 50 Al enzyme levels are expressed as % enzyme raw material.
C > g Fatty Acid 45 10 4.5 14.8 4.5
Enzymes 1.0 1.7 1.7 2.0 1.7
Ethoxylated Polyethylenimine 1.4 1.4 4.0 6.0 4.0 _
Chelant 0.6 0.6 1.2 1.2 3.0 Example 19
PEG-PVAc Polymer 4 2.5 4 2.5 1.5
Fluorescent Brightener 0.15 04 0.3 0.3 0.3 55
1,2 propanediol 63 138 13.8  13.8  13.8 Liquid Bleach & Laundry Additive Detergent
Formulations
TABLE 16
Ingredients Al AK AL AM AN AO
2-alkyl branched alkyl sulfate 15 5.5 2 2 4 10
of Invention
AES 11.3 6 15.4 12 8 10
LAS 10.6 6 2.6 — — 16

HSAS — — — 3.5 — —
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TABLE 16-continued
Ingredients Al AK AL AM AN
Chelant 2.5 — 1.5 — —
1,2-propandiol — 10 — — —
Soil release agent 2.0
Ethoxylated 1.8
Polyethylenimine
Acrylate Polymer 2.9
Acusol 880 (Hydrophobically 2.0 1.8
Modified Non-Ionic Polyol)
Protease (55 mg/g active) — — — — 0.1
Amylase (30 mg/g active) — — — — —
Perfume — 0.2 0.03 0.17 —
Fluorescent Brightener 0.21 — — 0.15 —
Water, other optional to to to to to
agents/components™® 100% 100% 100% 100%  100%

52

AO

4.0
15

2.9

0.1

0.02
0.15
0.18%

to
100%

balance balance balance balance balance balance

*(Other optional agents/components include suds suppressors, structuring agents such as those based on
Hydrogenated Castor Oil (preferably Hydrogenated Castor Oi1l, Anionic Premix), solvents and/or Mica
pearlescent aesthetic enhancer. All enzyme levels are expressed as % enzyme raw material.

Example 20

Powder Bleach & Laundry Additive Detergent

Formulations
TABLE 17
Ingredients AP AQ AR AS
2-alkyl branched alkyl sulfate 0.5 2 5 10
of Invention
AE 0.25 0.25 1 2
LAS 0.5 — 1 10
Chelant 1 — 0.5 —
TAED 10 5 12 15
Sodium Percarbonate 33 20 40 30
NOBS 7.5 5 10 0
Mannanase (4 mg/g active) 0.2 — — 0.02
Cellulase (15.6 mg/g active) 0.2 - 0.02 -
Perfume — 0.2 0.03 0.17
Fluorescent Brightener 0.21 — — 0.1
Sodium Sulfate to to to to
100% 100% 100% 100%
balance balance balance balance

Raw Matenials for Examples 14-20

LAS 1s lmnear alkylbenzenesulfonate having an average
aliphatic carbon chain length C,,-C,, supplied by Stepan,
Northfield, I1l., USA or Huntsman Corp. HLAS 1s acid form.

AES1sC,,_ ., alkyl ethoxy (3) sulfate or C,,_, s alkyl ethoxy
(1.8) sulfate, supplied by Stepan, Northfield, Ill., USA or
Shell Chemicals, Houston, Tex., USA.

AE 1s selected from C,,_; Wlth an average degree of
cthoxylation o1 6.5, C, ,_, s with an average degree of ethoxy-
lation ot 7, C,,_; . With an average degree of ethoxylation of
7, C,..,5s with an average degree of ethoxylation of 7, or
C,,., With an average degree of ethoxylation of 9, all
supplied by Huntsman, Salt Lake City, Utah, USA.

AS 1s a C,,_,, sulfate, supplied by Stepan, Northfield, Ill.,
USA.

HSAS 1s mid-branched alkyl sulfate as disclosed in U.S. Pat.
No. 6,020,303 and U.S. Pat. No. 6,060,443,

C, ;4 Dimethylhydroxyethyl ammonium chloride, supplied
by Clariant GmbH, Germany.

C,- ;4 dimethyl Amine Oxide i1s supplied by Procter &
(Gamble Chemicals, Cincinnati, USA.

Sodium tripolyphosphate i1s supplied by Rhodia, Paris,

France.
Zeolite A 1s supplied by Industrial Zeolite (UK) Ltd, Grays,

Essex, UK.

20
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1.6R Silicate 1s supplied by Koma, Nestemica, Czech
Republic.

Sodium Carbonate 1s supplied by Solvay, Houston, Tex.,
USA.

Acrylic Acid/Maleic Acid Copolymer 1s molecular weight
70,000 and acrylate:maleate ratio 70:30, supplied by BASE,

Ludwigshaten, Germany.

PEG-PVACc polymer 1s a polyvinyl acetate grafted polyeth-
ylene oxide copolymer having a polyethylene oxide back-
bone and multiple polyvinyl acetate side chains. The
molecular weight of the polyethylene oxide backbone 1s
about 6000 and the weight ratio of the polyethylene oxide to
polyvinyl acetate 1s about 40 to 60 and no more than 1
grafting point per 50 ethylene oxide units. Available from
BASF (Ludwigshaten, Germany).

Ethoxylated Polyethylenimine 1s a 600 g/mol molecular
weight polyethylenimine core with 20 ethoxylate groups per
—NH. Available from BASF (Ludwigshaten, Germany).
Zwitterionic ethoxylated quaternized sulfated hexamethyl-
ene diamine 1s described in WO 01/05874 and available
from BASF (Ludwigshaten, Germany).

Grease Cleanming Alkoxylated Polyalkylenimine Polymer 1s
a 600 g/mol molecular weight polyethylenimine core with
24 ethoxylate groups per —NH and 16 propoxylate groups
per —NH.

Available from BASF (Ludwigshafen, Germany).
Carboxymethyl cellulose 1s Finnfix® V supplied by CP
Kelco, Arnhem, Netherlands.

Amylases (Natalase®, Stainzyme®, Stainzyme Plus®) may
be supplied by Novozymes, Bagsvaerd, Denmark.
Savinase®, Lipex®, Celluclean™, Mannaway®, Pecta-
wash®, and Whitezyme® are all products of Novozymes,
Bagsvaerd, Denmark.

Proteases may be supplied by Genencor International, Palo
Alto, Calif., USA (e.g. Puratect Prime®) or by Novozymes,
Bagsvaerd, Denmark (e.g. Liquanase®, Coronase®).
Suitable Fluorescent Whitening Agents are for example,
Tinopal® TAS, Tinopal® AMS, Tinopal® CBS-X, Sulpho-
nated zinc phthalocyanine, available from BASF, Ludwig-
shafen, Germany.

Chelant 1s selected from, diethylenetetraamine pentaacetic
acid (DTPA) supplied by Dow Chemical, Midland, Mich.,

USA, hydroxyethane di phosphonate (HEDP) supplied by
Solutia, St Lows, Mo., USA; Ethylenediamine-N,N'-disuc-
cinic acid, (S,S) 1somer (EDDS) supplied by Octel, Elles-
mere Port, UK, Diethylenetriamine penta methylene phos-
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phonic acid (DTPMP) supplied by Thermphos, or 1,2-
dihydroxybenzene-3,5-disulfonic acid supplied by Future
Fuels Batesville, Ark., USA

Hueing agent 1s Direct Violet 9 or Direct Violet 99, supplied
by BASE, Ludwigshafen, Germany.

Soil release agent 1s Repel-o-tex® PF, supplied by Rhodia,
Paris, France.

Suds suppressor agglomerate 1s supplied by Dow Corning,
Midland, Mich., US.

*#*xSuds suppressor derived from phenylpropylmethyl sub-

stituted polysiloxanes, as described in the specification.
Acusol 880 1s supplied by Dow Chemical, Midland, Mich.,

USA

TAED 1s tetraacetylethylenediamine, supplied under the
Peractive® brand name by Clariant GmbH, Sulzbach, Ger-
many.

Sodium Percarbonate supplied by Solvay, Houston, Tex.,
USA.

NOBS 1s sodium nonanoyloxybenzenesulfonate, supplied
by Future Fuels, Batesville, Ark., USA.

The dimensions and values disclosed herein are not to be
understood as being strictly limited to the exact numerical
values recited. Instead, unless otherwise specified, each such
dimension 1s intended to mean both the recited value and a
functionally equivalent range surrounding that value. For
example, a dimension disclosed as “40 mm™ 1s mtended to
mean “about 40 mm

Every document cited herein, including any cross refer-
enced or related patent or application, 1s hereby incorporated
herein by reference 1n 1ts entirety unless expressly excluded
or otherwise limited. The citation of any document 1s not an
admission that 1t 1s prior art with respect to any invention
disclosed or claimed herein or that 1t alone, or in any
combination with any other reference or references, teaches,
suggests or discloses any such invention. Further, to the
extent that any meaning or defimtion of a term 1in this
document conflicts with any meaning or definition of the
same term 1 a document incorporated by reference, the
meaning or definition assigned to that term in this document
shall govern.

While particular embodiments of the present ivention
have been 1llustrated and described, it would be obvious to
those skilled in the art that various other changes and
modifications can be made without departing from the spirit
and scope of the invention. It 1s therefore intended to cover
in the appended claims all such changes and modifications
that are within the scope of this mnvention.

What 1s claimed 1s:

1. A detergent composition comprising from about 0.1%
to about 99% by weight of the composition of a first
surfactant, wherein said first surfactant consists essentially
ol a mixture of surfactant 1somers of Formula I and surfac-
tants of Formula II:

(D)
CH,—X

CH;—(CH,),,— CH—(CH,),,—CHj;

0<m,n<16;
S<m+n<l16

(1I)
CHz— (CHy)pppz— X

wherein from about 50% to about 100% by weight of the
first surfactant are isomers having m+n=11; wherein
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from about 0.001% to about 25% by weight of the first
surfactant are surfactants of Formula II; and wherein X
1s a hydrophilic moiety.

2. A detergent composition according to claim 1 wherein
from about 0.5% to about 30% by weight of the first
surfactant are 1somers having m+n=10, from about 1% to
about 45% by weight of the first surfactant are i1somers
having m+n=12, and from about 0.1% to about 20% by
weight of the first surfactant are 1somers having m+n=13.

3. A detergent composition according to claim 1 wherein
from about 33% to about 75% by weight of the first
surfactant are 1somers having m+n=11, wherein from about
0.5% to about 30% by weight of the first surfactant are
1somers having m+n=10; wherein from about 15% to about
45% by weight of the first surfactant are 1somers having
m+n=12, wherein from about 0.1% to about 20% by weight
of the first surfactant are i1somers having m+n=13, and
wherein from about 0.001% to about 20% by weight of the
first surfactant are surfactants of formula II.

4. The detergent composition according to claim 1,
wherein at least about 25% by weight of the first surfactant
are suriactants having m+n=10, m+n=11, m+n=12, and
m+n=13, wheremni1s 0, 1, or 2, ormi1s O, 1, or 2.

5. The detergent composition according to claim 1,
wherein X 1s selected from the group consisting of sulfates,
sulfonates, amine oxides, polyoxyalkylene, polyhydroxy
moieties, phosphate esters, glycerol sulfonates, polyglucon-
ates, polyphosphate esters, phosphonates, sulfosuccinates,
sulfosuccaminates, polyalkoxylated carboxylates, gluc-
amides, taurinates, sarcosinates, glycinates, 1sethionates,
dialkanolamides, monoalkanolamides, monoalkanolamide
sulfates, diglycolamides, diglycolamide sulfates, glycerol
esters, glycerol ester sulfates, glycerol ethers, glycerol ether
sulfates, polyglycerol ethers, polyglycerol ether sulfates,
sorbitan esters, polyalkoxylated sorbitan esters, ammonio-
alkanesulfonates, amidopropyl betaines, alkylated quats,
alkyated/polyhydroxyalkylated quats, alkylated/polyhy-
droxylated oxypropyl quats, imidazolines, 2-yl-succinates,
sulfonated alkyl esters, sulfonated fatty acids, and mixtures
thereof.

6. The detergent composition according to claim 1 further
comprising an adjunct cleaning additive selected from the
group consisting of a builder, an organic polymeric com-
pound, an enzyme, an enzyme stabilizer, a bleach system, a
brightener, a hueing agent, a chelating agent, a suds sup-
pressor, a conditioning agent, a humectant, a perfume, a
filler or carrier, an alkalinity system, a pH control system,
and a buflfer, and mixtures thereof.

7. The detergent composition according to claim 1,
wherein said detergent composition comprises from about
0.001% to about 1% by weight of enzyme.

8. The detergent composition according to claim 1,
wherein said detergent composition comprises an enzyme
selected from the group consisting of lipase, amylase, pro-
tease, mannanase, cellulase, pectinase, and mixtures thereof.

9. The detergent composition according to claim 1 turther
comprising a second surfactant selected from the group
consisting of an anionic surfactant, a cationic surfactant, a
nonionic surfactant, an amphoteric surfactant, a zwitterionic
surfactant, or mixtures thereof; or wherein said detergent
composition comprises an anionic surfactant selected from
alkyl benzene sulfonates, alkoxylated alkyl sulfates, alkyl
sulfates, and mixtures thereof.

10. The detergent composition according to claim 1,
wherein said detergent composition 1s a form selected from
the group consisting of a granular detergent, a bar-form
detergent, a liquid laundry detergent, a gel detergent, a
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single-phase or multi-phase unit dose detergent, a detergent
contained 1n a single-phase or multi-phase or multi-com-
partment water soluble pouch, a liquid hand dishwashing
composition, a laundry pretreat product, a detergent con-
tained on or 1n a porous substrate or nonwoven sheet, a
automatic dish-washing detergent, a hard surface cleaner, a
tabric softener composition, and mixtures thereof.

11. The detergent composition according to claim 1,
wheremn from about 0.1% to about 100% of the carbon

content of the first surtactant 1s derived from renewable

sources.

12. A method of pretreating or treating a soiled fabric
comprising contacting the soiled fabric with the detergent
composition according to claim 1.

x x * Cx x

10

15
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